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ABSTRACT
A comprehensive research project was conducted to analyze the behavior of
local buckling in a trapezoidal rib orthotropic bridge deck and the corresponding
variation of stresses within the system. Bridge decks are subjected to substantial
compressive forces. Therefore, the presence of thin steel plate members within an
orthotropic bridge deck system may cause local buckling. A parametric analysis was
performed using finite element modeling to examine local buckling within this type
of bridge deck system.
Prior to the parametric analysis, extensive preliminary investigation was
performed to correctly model an orthotropic bridge deck using ABAQUS CAE
software. Verification of the finite element modeling process was achieved through
comparison with a physical test specimen, conducted at Lehigh University's Fritz
Laboratory. This confirmed the accuracy of the finite element analysis results
obtained in this research.
The detailed computational analyses included four phases of research (70
models). The first phase focused on the local bucking behavior in the rib walls of a
trapezoidal rib orthotropic bridge deck and the variation of stresses within the system.
The second and third phases studied the behavior of local buckling in the deck plate
between the rib members and above the rib members, respectively, along with the
variation of stresses within the system. Additionally, the fourth phase further
examined the behavior of local buckling and the variation of stresses in a trapezoidal
rib orthotropic bridge deck system with modified boundary conditions.
Upon the completion of this research, the failure modes (elastic or inelastic
local buckling), failure location, maximum stress location, variation of stresses, and
so on were identified. Several different plots were created which express the
variation of stresses within the bridge deck system at local buckling due to varied
geometric parameters. The important trends throughout the analysis were identified
for each phase. In addition, limiting width to thickness ratios were developed for the
rib walls (d'/tr < 60) and the controlling section of the deck plate (c/1d < 35). These
results were compared to the AASHTO and BS 5400 bridge design specifications.
Finally, recommendations were given for future modifications to the design
specifications and for further research.
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CHAPTER 1- Introduction and Background Information
1.1 History of Orthotropic Bridge Decks
The modem orthotropic welded steel-deck bridge rib systems were developed
by German engineers in the 1950's [Chen, 1999]. Spurred on by post-war material
shortages, they attempted to optimize the performance of available materials. As a
result, they were able to produce lightweight steel bridge decks that were not only
economical, but also possessed "outstanding" structural characteristics. This included
a better distribution of wheel loads throughout the deck system due to their high
flexural and torsional rigidity. In the United States, a system referred to as a
"battledeck" was introduced for use in highway bridges by the American Institute of
Steel Construction (AISC) in the early part of the 20th century [Troitsky, 1987].
Laboratory studies were carried out on several of these systems resulting in the
development of the modem lightweight steel bridge deck (See Figure 1.1 and Figure
1.2).
Figure 1.1 - Opcn rib orthotropic bridge deck systcm [Troitsky. 1987]
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Figure 1.2 - Closed rib orthotropic bridge deck system (Troitsky, 1987]
Generally, the orthotropic bridge deck consists of a flat, thin steel deck plate,
stiffened by a series of longitudinal stiffeners (ribs) at right angels, or orthogonal, to
the floorbeams. As a result, the deck has considerably different stiffuess
characteristics in the longitudinal and transverse directions. Therefore, the deck is
considered to be structurally anisotropic. In addition, the ribs and floorbeams are
orthogonal, therefore the whole system became known as orthogonal-anisotropic or,
briefly, orthotropic (Troitsky, 1987].
Orthotropic bridge decks are divided into two basic categories rdating to the
type of longitudinal ribs. The first type of orthotropic bridge dcck is referred to as an
"open rib" systcm. This type of system utilizes individual beams or bars oriented
longitudinally and weldcd to the dcck plate (See Figure 1.1). The ribs are typically
madc from flat bars. im'crted T-sections, channels, or angles. Open-rib deck systems
arc casy to fabricate and casy to access for inspection and maintenance. Howc\'cr,
4
open rib decks consist of relatively small wheel load distribution capacity in the
transverse direction (torsionally weak) and require close floorbeam spacing [Troitsky,
1987]. Therefore, the system is heavier per square foot than the other type of
orthotropic bridge deck, which is referred to as a "closed rib" system.
Closed-rib bridge deck systems are typically reinforced with trapezoidal,
boxed, or trough shaped members (see Figure 1.2). Although several shapes have
been used, the trapezoidal rib has been found to be the most practical by engineers
and the worldwide steel industry [Chen, 1999]. These systems offer greater torsional
stability and load distribution characteristics. This allows for wide spacing of the
floorbeams within the system. However, the disadvantages of the closed rib system
lie in the relatively difficult fabrication and more complicated field splices [Troitsky,
1987].
Some of the most notable bridges were built utilizing trapezoidal ribs in the
deck area or compression zone of the superstructure. There are approximately 55
bridges in the Unites Stated using orthotropic decks [Orthotropic Bridge Conference,
2004]. This consists of a vast array of bridge types from small to some of the longest
clear-span bridges in the world. These types of bridges include: plate girder, box
girder, arch, truss, suspension, and cable-stayed bridges (See Figure 1.3, Figure 1.4,
and Figure 1.5).
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Figure 1.3 - Creitz Road Bridge in Lansing Michigan (Plate Girder) [Troitsky, 1987]
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Figure 1.4 - Prototype orthotropic steel box girder section for the new San Francisco-
Oakland Bay Bridge [Chou. 2003]
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Figure 1.5 - Barqueta Bridge in Seville, Spain (Arch Bridge) [Troitsky, 1987]
However, a few orthotropic deck bridges (box girder bridges) collapsed
during erection around 1970 in Europe. Since then the inadequate compressive
strength specifications for the orthotropic plates used in bridges has been brought to
attention in Europe. As a result, extensive research projects were initiated in Great
Britain [Chou, et ai, 2003]. This research largely centered around the Merrison
Committee (1973) which inquired into the collapse of the Milford Haven Bridge
shown below (See Figure 1.6) [Chou, et al. 2003]. Most of the research focused on
parameters such as plate and rib imperfections. width to thickness ratios (focus of this
thesis). residual stresses. and ultimate strength. TIlis included an extensive test
program conducted at the University of Manchester. which integrated 52 different
stiffened panels composed of many different rib types [Chou. et al. 2003].
TIle 'Merrison Committee prepared Interim Design and Workmanship Rules
(1DWR). TIlese contained comprehensive rules for the stress analysis for box girders
7
and for the design of steel plate components in complex stress fields, with and
without stiffening, and for their connections. In total, the report of the committee
concluded 27 recommendations, most of which have been implemented in the British
Design specification BS 5400 (BSI 1982).
Figure 1.6 - Milford Haven Bridge collapse, Wales
1.2 Trapezoidal Rib Orthotropic Bridge Deck General Information
This section briefly describes the main components of the orthotropic bridge
deck analyzed and general background infonnation of this research project. The
analysis was based on a suspension bridge with a trapezoidal rib orthotropic deck
8
system (The Bronx Whitestone Bridge). Trapezoidal ribs were aligned parallel to the
direction of traffic along the length of the bridge (See Figure 1.7).
DECK PLATE
DIRECTION OF
TRAFF IC
TRAPEZOIDAL RIB
LOORBEAM
Figure 1.7 - Trapezoidal rib orthotropic deck three dimensional view
The floorbeams were arranged perpendicular (orthogonal) to the rib members.
Therefore, the deck plate acted as a common flange for the ribs and floorbeams (See
Figure 1.8).
DIRECTION Dr-- TRAr--r--rC
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Figure 1.8 - Trapezoidal rib orthotropic deck elevation view
The cross-section of the orthotropic deck system is shown in Figure 1.9. The
deck plate and ribs were the main two components studied in this research project.
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These members were each subdivided into two separate sections. The trapezoidal rib
members included the rib walls and the rib bottom (See Figure 1.10). In addition, the
deck plate included the section of the deck plate between the rib members and the
deck plate above the rib members (See Figure 1.10). The purpose of these
subdivisions was to allow the description of precise locations of local buckling or
yielding within the cross-section of the bridge deck.
DECK PLATE
~LOORBEAM
CLOSED RIB
Figure 1.9 - Trapezoidal rib orthotropic deck cross-section
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DECK SECTION
ABOVE RIBS DECK SECTION
BETWEEN RIBS
RIB BOTTOM
(CONSTANT)
Figure 1.10 - Trapezoidal rib subdivisions
The topic for this thesis came from a study on the ultimate strength and post
buckling behavior of trapezoidal rib orthotropic bridge decks, which includes
examination of stresses in the deck plate under vehicular loads [Jen and Yen, 2005].
The analysis and physical test specimens are directly related to the Bronx Whitestone
Bridge in New York City. The investigation of local buckling and variation of
stresses within this type of bridge deck system was identified as additional research.
As a result, this author was given the task of examining local buckling I along with the
variation of stresses within a trapezoidal rib orthotropic bridge deck system, under the
supervision of Dr. John L. Wilson.
The reason this research is necessary is due to the fact that bridge decks are
subjectcd to substantial comprcssive forces. Thcrefore, the presence of thin steel
plate mcmbers within an orthotropic dcck system cause local buckling to be a valid
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concern. As a result orthotropic bridge deck designs must be investigated for local
buckling. Therefore, verification is needed in orthotropic bridge deck designs to
ensure local buckling will not occur in the elastic range. Typically, local buckling is
controlled with limiting width to thickness ratios of the plate components. The
objectives of this research are discussed further in the next section.
1.3 Objectives of the Research
The objective of this research was to analyze the local buckling behavior
(failure mode2 and location) within a trapezoidal rib orthotropic bridge deck system.
As a result, this research developed limiting width to thickness ratios for critical
sections within a trapezoidal rib orthotropic bridge deck system that allow the system
to develop the yield strength before the onset of local buckling. The sections of
primary concern (critical sections) are the sections with the highest width to thickness
ratios (further explanation in Chapter 3). These sections include the following: rib
walls, deck plate between the rib walls, and deck plate above the ribs (See Figure
1.10).
In addition, the objective of this research was to monitor the stresses within
the bridge deck system. The location of maximum stresses was identified throughout
the research. The variations of stresses at local buckling were also examined. This
infonnation could be useful for the future design of trapezoidal rib orthotropic bridge
decks. The analytical approach is discussed in the following section.
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1.4 Analytical Approach
Once the objectives of the research were identified, a scope and set tasks were
developed. It was decided that the best way to research this particular topic was to
perfonn a parametric analysis using finite element modeling. In a recent study, it is
stated that, "the finite element method provides an economical, fast, and accurate
method of estimating both the global behavior of orthotropic deck systems as well as
the local stresses" [Connor, 2002]. Therefore, the first task was to choose a reliable
finite element program (ABAQUS). Then, the program needed to be learned so that
the analysis was perfonned properly and within the limitations of the software.
After the program was well understood the next logical step was to verify that
the results of the program were accurate. This was done through comparison with the
results from an actual test specimen [Jen, 2005]. Once the results of the program
were confinned, the modeling process was established for the research. Then, the
geometric parameters, loading, boundary conditions, assumptions and limitations
were defined for the proj ect.
Before the detailed computational analyses could be perfomled, an organized
and logical test matrix needed to be identified. The primary purpose of the test matrix
was to assure that the analyses were focused on the objectives of the research. This
was perfonned by dividing the research into four phases (four separate test matrices).
The first phase (Phase 1) of the research analyzed the behavior of local buckling in
the rib walls of a trapezoidal rib orthotropic bridge deck and the variation of stresses
within the system (See Figure 1.10). The second and third phases (Phase 2 and Phase
3) involved analyzing the behavior of local bucking in the deck plate between the rib
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members and above the rib members, respectively, along with the variation of stresses
within the system (See Figure 1.10)3. The fourth phase (Phase 4) further analyzed the
behavior of local buckling and variation of stresses in the bridge deck system with
modified boundary conditions4• After the test matrix for the entire project was
defined, the models were analyzed and the results were recorded and evaluated.
1.5 Expected Results
Prior to performing the analyses, this project expected to add to the
understanding of local buckling and the variation of stresses within a trapezoidal rib
orthotropic bridge deck system. As a result of this study, the variation of stresses at
local buckling within this type of bridge deck system will be identified for varying
geometric parameters. In addition, limiting width to thickness ratios for the rib walls
and deck plate of an orthotropic bridge deck system will be developed.
It was anticipated that through a logical variation of the parameters,
meaningful results would be obtained. In other words, the cross-sectional dimensions
would be changed in a manner to analyze a specific section within the bridge deck
system. The cross-sectional dimensions would be altered; however, the basic
orthotropic deck configuration (trapezoidal shaped rib members) would remain
throughout the research. Therefore, the results obtained would specifically target the
objectives of the project. In addition to the failure mode (elastic or inelastic local
buckling), the failure location, maximum stress location, and the variation of stresses
will be observed.
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The variations of stresses within the bridge deck system at local buckling were
expected to follow specific trends throughout the research. In other words, increasing
or decreasing the width to thickness ratios of certain members within the bridge deck
system should have a consistent effect on the local buckling behavior. Some
parameters may have more significant effects than other parameters. In addition, the
widths to thickness limits developed from this research were expected to be higher
than those found in bridge design specifications due to their conservative nature. This
is also due to the assumptions and limitations of the research (see Section 2.4).
Chapter 4 discusses the actual results obtained from this research project. However,
prior to the final computational analyses significant preliminary investigation needed
to be performed, which are described in the following chapter.
I Local buckling occurs when a member undergoes visibly large displacements transverse to a
compressive load. Local buckling of plates is indicated by the gro\\1h of bulges, waves, or ripples.
2 The failure modes examined in this research were clastic and inelastic local buckling. Elastic and
inelastic local buckling is defined as local buckling occurring before and after the yield strength of the
system is developed, respectively.
3 For further information regarding Phases 1,2,3, and 4 refer to Section 3.2
4 The reason for the modification of the boundary conditions is discussed later in Section 2.7.
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CHAPTER 2 - Preliminary Analysis
2.1 Introduction
In this research it was desired to eventually model a trapezoidal rib orthotropic
bridge deck. To be able to accurately model this type of system several preliminary
analyses were performed. Therefore, this chapter describes the essential steps that
were taken preceding the detailed computational analysis on the orthotropic bridge
deck system.
2.2 Preliminary ABAQUS Analysis
ABAQUS is a widely used engineering simulation program, based on the
finite element method. ABAQUS can solve problems ranging from relatively simple
linear analysis to highly nonlinear (both material and geometric) simulations
[ABAQUS/CAE user's manual, 2002]. Therefore, it is essential to learn the
assumptions, limitations, and features of the program prior to modeling a complex
system.
In order to become fanliliar with ABAQUS CAE (graphical interface) the first
tutorial in the ABAQUS/CAE user's manual was performed [ABAQUS/CAE user's
manual, 2002]. The tutorial involved modeling a rectangular cantilever beam with a
distributed loading along the top facc. In addition, a keyword tutorial was perfomled
to gain a bettcr understanding of how the program (ABAQUS) truly worked [Wilson,
2004]. This involvcd modeling a simply supported beam with a concentrated load
applied to thc centcr of thc top face. A command-orientcd input file was creatcd
defining all thc functions to correctly model the beam. This ill\"olved defining all the
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nodes, elements, boundary conditions, and so on. Then ABAQUS was used as a post
processor to perform the analysis and obtain the results. The procedure was more
difficult and slower than using the graphical interface (ABAQUS CAE). Therefore,
this process was not used for the final analyses. However, the author gained a much
better understanding of ABAQUS along with the limitations of the software.
After these tutorials were performed, the author had a basic understanding of
ABAQUS. A term project was then performed in a course titled Finite Element
Methods in Structural Engineering (CEE 366). The project involved modeling a five
trapezoidal rib orthotropic bridge deck panel having the objective of monitoring
transverse deflections and stresses under AASHTO lane and tandem truck loading.
The project analyzed several models with increased rib spacing. The base model
dimensions for the CEE 366 project were taken from the Bronx Whitestone Bridge.
Therefore the initial model was similar to that of this research (See Figure 2.1).
Figure 2.1 - Fiye trapezoidal rib orthotropic deck ABAQUS model for the CEE 366
project
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nodes, elements, boundary conditions, and so on. Then ABAQUS was used as a post
processor to perform the analysis and obtain the results. The procedure was more
difficult and slower than using the graphical interface (ABAQUS CAE). Therefore,
this process was not used for the final analyses. However, the author gained a much
better understanding of ABAQUS along with the limitations of the software.
After these tutorials were performed, the author had a basic understanding of
ABAQUS. A term project was then performed in a course titled Finite Element
Methods in Structural Engineering (CEE 366). The project involved modeling a five
trapezoidal rib orthotropic bridge deck panel having the objective of monitoring
transverse deflections and stresses under AASHTO lane and tandem truck loading.
The project analyzed several models with increased rib spacing. The base model
dimensions for the CEE 366 project were taken from the Bronx Whitestone Bridge.
Therefore the initial model was similar to that of this research (See Figure 2.1).
Figure 2.1 - Five trapezoidal rib orthotropic deck ABAQUS model for the CEE 366
project
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Figure 2.2 - Stress contours for the CEE 366 project
The CEE 366 project gave encouraging results with regards to the possibility
of further modifications to orthotropic bridge decks. Specifically, the project
indicated that the trapezoidal rib spacing of an orthotropic deck system could be
increased while still satisfying the AASHTO deflection criteria and keeping the
maximum stresses below yield (See Figure 2.2). The results of the CEE 366 project
will not be discussed any further. The reason for its inclusion in this thesis was to
elaborate upon the preliminary analyses perfonned before entering this research.
Therefore, at the start of this project a trapezoidal rib orthotropic deck system and
ABAQUS CAE were weIl understood.
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Figure 2.2 -- Stress contours for the CEE 366 project
The CEE 366 project gave encouraging results with regards to the possibility
of further modifications to orthotropic bridge decks. Specifically, the project
indicated that the trapezoidal rib spacing of an orthotropic deck system could be
increased while still satisfying the AASHTO deflection criteria and keeping the
maximum stresses below yield (See Figure 2.2). The results of the CEE 366 project
\vill not be discussed any further. The reason for its inclusion in this thesis was to
elaborate upon the preliminary analyses performed before entering this research.
Therefore. at the stmi of this project a trapezoidal rib orthotropic deck system and
ABAQUS CAE were well understood.
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2.3 Verification with the Three Trapezoidal Rib Test Specimen
All research needs validation of the results. Typically results are verified
through hand calculations or physical testing and experimental simulation. For this
research the latter was chosen. Although methods for hand calculations such as the
Pelikan - Esslinger method can be used for a preliminary strength design of the
system, they cannot accurately predict deflections and stresses at critical detail
[Connor, 2002]. Therefore, the best way to validate the accuracy of the orthotropic
deck finite element models of this research was to compare them to an actual test
specimen. As mentioned prior, currently research is being conducted at Lehigh
University on the ultimate strength of trapezoidal rib orthotropic deck systems.
Results have been obtained from a three trapezoidal rib orthotropic deck panel [Jen,
2005]. The panel was identical to that of the Bronx Whitestone Bridge, as mentioned
in Chapter 1.
This three rib panel was tested at Lehigh University's Fritz Laboratory. The
eighteen-foot long specimen was tested to ultimate strength in the 5 million pound
universal testing machine. The specimen was placed vertically in the machine and
loaded in three stages. Initial loading (Loading Stage 1) was 100 kips applied to one
end of the panel in the longitudinal direction. The other end of the panel was fixed
(See Figure 2.3).
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LOAD STAGES 11.3
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LOAD STAGE 2
Figure 2.3 - Fritz Laboratory test setup for the three trapezoidal rib orthotropic deck
speClmen
The next stage involved a 40 kip load applied to the center of the panel in the
transverse direction, simulating vehicular loading (Loading Stage 2). Finally, the
loading at the end of the panel was increased until ultimate capacity was reached
(Loading Stage 3) (See Figure 2.4). The test specimen's strains and displacements
were monitored throughout the testing procedure with a large amount of
instrumentation (See Figure 2.5). The data were collected and are being evaluated
[Jen,2005].
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Figure 2.4 - Testing of the three trapezoidal rib orthotropic deck specimen [Jen,
2005]
Figure 2.5 - Instrumentation along the three rib test specimen [Jen. 2005]
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Fig1Jllre 204 - Testing of the three trapezoidal rib Olihotropic deck specimen [Jen,
2005]
Figure 2.5 - Instrumentation along the three rib test specimen [Jen, 2005]
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The same conditions of the test setup were modeled in ABAQUS CAE for
comparison with the results obtained from the test specimen. A three rib orthotropic
deck panel was generated with the same dimensions as the test specimen (See Figure
2.6 and Figure 2.7).
Figure 2.6 - Three rib orthotropic deck ABAQUS model, general view
Figure 2.7 - TIm:e rib orthotropic deck ABAQUS model. underside Yiew
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The same conditions of the test setup were modeled in ABAQUS CAE for
comparison with the results obtained from the test specimen. A three rib orthotropic
deck panel was generated with the same dimensions as the test specimen (See Figure
2.6 and Figure 2.7).
Figll1!Jre 2.6 - Three rib orthotropic deck ABAQUS model, general vie\v
Figure 2.7 - Three rib orthotropic deck ABAQUS model, underside view
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The boundary conditions were modeled in the same manner as the test setup. The one
end of the panel was completely fixed in all six degrees of freedom at each node
along the edge. The loaded end of the panel was fixed in all degrees of freedom,
except the displacement in the longitudinal direction. The model was also loaded in
three stages (which ABAQUS refers to as "steps") analogous to the test procedure
(See Figure 2.8).
Figure 2.8 - Loading applied to three rib orthotropic deck test specimen
In addition. coupon tests wcre conducted from thc samc stcel used to fabricate the tcst
specimcn. Thcreforc thc matcrial propcrties uscd for the finitc elemcnt model were
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The boundary conditions were modeled in the same manner as the test setup. The one
end of the panel \vas completely fixed in all six degrees of freedom at each node
along the edge. The loaded end of the panel was fixed in all degrees of freedom,
except the displacement in the longitudinal direction. The model was also loaded in
three stages (vvhich ABAQUS refers to as "steps") analogous to the test procedure
(See Figure 2.8).
Figure 2.8 - Loading applied to three rib orthotropic deck test specimen
In addition. coupon tests were conducted from the same steel used to fabricate the test
specimen. Therefore the material propeliies used for the finite element model were
very similar to the test specimen. This allowed for increased accuracy by including
the effect of strain hardening (See Table 2.1).
PLASTIC MATERIAL PROPERTIES
NOMINAL STRESS PLASTIC STRAIN
[ksi1 £in/in]
50 0
50 0.009
59 0.015
65 0.03
67 0.06
65.5 0.075
59 0.085
47 0.094
Table 2.1 - Plastic material properties used for the analysis (obtained from coupon
tests)
The results from the finite element model were obtained. The load deflection
curve was generated and compared to that of the test specimen (See Figure 2.9). In
Figure 2.9 the solid line represents the load deflection curve of the test specimen
loaded to ultimate strength and then unloaded. The dashed line illustrates the load
deflection curve obtained from the ABAQUS finite element model. Overall, the
results show good correlation. The finite element analysis did account for non-linear
behavior and large displacements. However, a general nonlinear static analysis was
perfornled without the use of "Riks Method" which is used for the analysis of post
buckling behavior. Nevertheless, the focus of this research was the onset of local
buckling and was not concerned with post buckling behavior. Therefore, the model
was not tested until ultimate capacity. Had the Riks Method been implemented it
appears that the ultimate strength of the model would have been slightly below that of
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the test specimen. This can partially be explained by the fact that the dimensions
used in the finite element model were the dimensions shown on the design drawings.
However, the fabricated specimen showed slightly thicker members. This would
increase the load-carrying capacity of the entire panel.
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Figure 2.9 - Axial load versus deflection (shortening) curve for the three rib
orthotropic deck specimen and ABAQUS model
It can be observed that the slope of the ABAQUS curve shown in Figure 2.9 is
consistent with that of the test specimen. The slight deviation between slopes of the
curves is mostly likely due to the residual stresses within thc tested specimcn. In
addition. thc test specimcn curyC is slightly shifted to the right of thc ABAQUS
curye. This is duc to the traditional settling of end fixtures in column testing.
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Upon the completion of this process it was concluded that the agreement
between the physical test specimen and the finite element model was acceptable. For
this research the primary focus was on the initiation of local buckling. A general
nonlinear static analysis was accurate well into the nonlinear range. As a result, the
basic modeling process and software (ABAQUS CAE) used was considered adequate
for this research.
2.4 Assumptions and Limitations
There were several assumptions and limitations of the finite element models
analyzed in this research. Some were based on decisions that enabled the analysis to
proceed accurately without irrelevant complexity. Other assumptions were made to
analyze the system at specific locations along the bridge. The assumptions and
limitations are explained below.
The first assumption was to analyze a five trapezoidal rib section of an
orthotropic bridge deck system. It was determined that a model of this size (5 ribs)
would be sufficient to analyze local buckling and the variation of stresses throughout
the deck system. This was partly due to the fact that the research focused on
analyzing localized failure (local buckling). Therefore, analyzing a larger section of
an orthotropic bridge deck would not improve the accuracy of the results.
Another key assumption was the distribution of compressive stress applied to
the orthotropic bridge deck system. The assumed stress distribution applied to the
orthotropic bridge deck models analyzed in Phases 1. 2, and 3 is sho\'vll in Figure
2.10. The stress distribution is representative of local and global force effects at the
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cross section near the floorbearns (ends of rib spans) within the bridge deck system.
Figure 2.1 O(b) shows the approximate stress distribution from only global force
effects. Next, Figure 2.1 O(c) displays the approximate stress distribution from only
local force (vehicular load) effects. Therefore, Figure 2.1 O(d) shows the approximate
superimposed stress distribution near the floorbearns of the bridge deck system. As a
result, local buckling of the rib walls and deck plate was analyzed under this
superimposed compressive stress distribution for Phases 1, 2, and 3 of the research.
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Figure 2.10 - Assumed stress distribution for the orthotropic bridge deck system near
the floorbeams (Phases 1. 2. and 3) [Wolchuk, 1963]
The loading applied to the bridge deck system that would produce the
compressive stress distributed in Figure 2.10(d) was not applied directly to the deck
plate and rib members. Instead. end plates were placed at the ends of each model.
similar to the three rib test specimen. The uniform load was applied to the end plate
which transferred the load to the bridge deck system (modeling technique). For
Phases 1. 2. and 3 of the research the boundary conditions were set to model the
actual conditions of a panel (or section) within an orthotropic bridge decks. A
unifonnly distributed compressive load was applied to the end plate through an
eccentricity in order to produce a slight negative bending moment (See Figure 2.11).
Therefore, the bridge deck system was analyzed with the applied stress distribution
similar to that shown in Figure 2.1 O(d). As a result, the compressive stresses within
the system are greater in the rib members than in the deck plate for the models
analyzed in the first three phases (more conservative for investigation of local
buckling in the rib walls).
LOAD RESULTANT
ECCENTRICITY
CENTROID
1
T
Figure 2.11 - Eccentricity between the load resultant and the centroid producing
negative bending moment.
The final phase of the research (Phase 4) analyzed local buckling in the bridge
deck system closer to mid-span between the floorbeams. At this location the applied
compressive stress distribution (accounting for local and global force effects) in the
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orthotropic deck is nearly uniform. Therefore, the applied stress distribution in Phase
4 was completely uniform. This was performed by modifying the boundary
conditions from the previous three phases to not allow any induced bending moment
to the system. As a result, local buckling of the rib walls and deck plate was analyzed
under a uniform compressive stress distribution for Phase 4 ofthe research.
The orthotropic bridge deck models analyzed in this research did include the
affects of transverse vehicular loads through the load applied to the end of the panel.
However, transverse vehicular loads were not applied directly to the structure. This
was partly due to the fact that a transverse load would induce tension in the rib
members and counteract the compression forces. As a result, it was more
conservative to analyze the deck system without a transverse load for the analysis of
the rib members. On the other hand, when analyzing local bucking within the deck
plate, a transverse load would induce additional compressive forces. For consistency
the loading was held constant throughout the research, so transverse loading was not
applied. This was a limitation of the deck plate analysis and is discussed under
further research in Section 5.2. However, the transverse loads are small in
comparison to the global compression forces within an orthotropic deck system.
Further explanation regarding the exclusion of transverse vehicular loading is in
Section 2.7.
Fatigue was not considered throughout this research. In addition, the cutouts
at the location where the rib members pass through the Ooorbeams were not
considered (See Figure 2. I2). Instead the Ooorbeams were assumed to be welded
completely around the outside of the trapezoidal ribs. This assumption was made
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because the stresses within the floorbeams and along the cutouts were not part of this
research. In addition, the behavior of local buckling and the variation of stresses
within the ribs and deck plate would not be significantly affected by the exclusion of
the floorbeam cutout detail [Jen, 2005].
DECK PLATE
IB 'w'ALL
LDDRBEAM CUTOUT
Figure 2.12 - Floorbeanl cutouts (neglected in this research)
The presence of geometric imperfections was not considered in this research.
Imperfections can have an affect on local buckling by causing instability to develop
earlier than in an idealized system (perfectly straight members). Additionally,
residual stresses were not considered, which can lower the onset of yielding of the
material. The effects of geometric imperfections and residual stresses on an
orthotropic bridge deck system can be quite complex and could be developed into an
entire project. Therefore, these topics are discussed in the further research section of
Chapter 5.
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2.5 Modeling Process
This section describes the general modeling process for each orthotropic
bridge deck panel analyzed in this research. The modeling process was consistent
throughout the research and is discussed below.
The first step of the modeling process involved creating each individual part
of the orthotropic deck system. It was not feasible to create the deck system as one
part due to the different member thicknesses. Therefore, each part was created
individually and assembled together ("merged") to form an entire deck system.
The next step was to define the material properties. The orthotropic deck
system was entirely steel; therefore only one type of material was used. The steel
yield stress used was 50 ksi with a modulus of elasticity and Poison's ratio of 29,000
ksi and 0.30, respectively. In addition, plastic material properties were defined,
which included the effects of strain hardening (See Table 2.1).
After the material properties were defined the individual section properties
were created for each part of the deck system; this included the trapezoidal ribs, deck
plate, floorbean1s, and end plates. For each section the thickness was defined and the
material property was assigned. Then, each section property was assigned to each
part of the orthotropic deck system.
Next the boundary conditions of the model were assigned. In addition, the
loads (magnitude and location) were applied. The specific boundary conditions and
loads applied to the model are discussed in Section 2.7. Mentioned earlier, three load
stages were defined for the three rib model. However, for the five rib models
analyzed in this research only one load stage needed to be defined. This was due to
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the fact that the model was analyzed without a transverse load (only compression
loading)6.
The load increments were also defined. The number of load increments was
increased to one hundred for the analysis. This allowed the load to be applied in one
hundred separate increments and collect data (stresses, deflections, etc.) for each
particular increment. For the first load increment 1% of the load was applied to the
system and data was collected. Then, the second load increment applied to the
system was increased to 2% of the load and data was collected. This continued until
100% of the load was applied or the analysis time, per increment, became greater than
the specified tolerance. The purpose for increasing the number of load increments
was so that the load at which local buckling initiated could be found more precisely.
Next the orthotropic deck model had to be assigned a mesh pattern along with
an element type. The element chosen was the ABAQUS S4R shell element. This is a
four node quadrilateral stress/displacement element with reduced integration and
hourglass control [ABAQUS/CAE user's manual, 2002]. A global mesh generator
was used along with mesh refinement techniques ("partitioning"). It was desired to
have as refined a mesh as possible to provide accurate results. However, the mesh
could not be so refined that computation became too complex to run the analysis (I
gigabyte file capacity).
Finally, the model was ready to be submitted for detailed computational
analysis. The output data to be displayed upon completion of the analysis was
selected. Then, the model was analyzed. Upon successful completion, the deflected
shapes, stress contours. etc. were obtained (these results are presented for each model
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in Chapter 3). Convergence tests were also perfonned separately to refine the mesh
patterns and increase the accuracy of the results. The convergence test results are
discussed in the following section.
2.6 Convergence Testing
Whenever finite element modeling is perfonned mesh refinement needs to be
considered. A balance needs to be obtained where the mesh is refined enough to give
accurate results, but not too refined where the analysis time is far too long. This
decision is made through convergence testing. This involves starting with a very
simple or basic mesh and analyzing the model. Then, continually refining that mesh
and analyzing the model until the results converge (approach a specific value). The
accuracy needed for the particular research will dictate which mesh is sufficient. For
this research convergence testing was perfonned for Phase 1 and Phase 2 (Phase 3 &
4 used the same results{ The convergence testing process is described below.
2.6.1 Convergence Testing for Rib \Vall Analysis (Phase 1)
The first phase of the research targeted the onset of local buckling in the rib
walls of the orthotropic deck system. Therefore, convergence testing was perfonned
in order to determine the mesh refinement needed along the rib walls throughout
Phase 1. The parameters monitored were the load at which local buckling initiated
and the number of clements per rib wall.
The first model analyzed had the same dimensions as the Bronx Whitestone
Bridge; however the rib wall thicknesses were reduced to 3116" in order to force local
buckling to occur in the rib walls. The first mesh pattem used was very basic. This
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mesh included only one element per rib wall. Figure 2.13 displays the entire deck
system and points out. the mesh pattern along the rib walls. The analysis was
performed and the results were insufficient. This was due to the fact that with only
one element per rib wall, local buckling could not occur. Therefore, the structure was
too stiff and not allowed to deform in its actual manner. Figure 2.14 shows the
deflected shape for the first mesh pattern (Figure 2.13) and the arrow points out the
location where the rib walls deformed without locally buckling.
Figure 2.13 - Convergence test model (one element per rib wall)
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mesh included only one element per rib wall. Figure 2.13 displays the entire deck
system and points out the mesh pattern along the rib walls. The analysis was
perforn1ed and the results were insufficient. This was due to the fact that with only
one element per rib wall, local buckling could not occur. Therefore, the structure was
too stiff and not allowed to deform in its actual manner. Figure 2.14 shows the
deflected shape for the first mesh pattern (Figure 2.13) and the arrow points out the
location where the rib walls deformed without locally buckling.
Figure 2.13 - Convergence test model (one element per rib wall)
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Figure 2.14 - Convergence test model (one element per rib wall) deflected shape
Obviously the mesh needed to be refined in order to allow local buckling to
occur, if in fact it was to occur. The next model analyzed included two elements per
rib wall. This model is shown Figure 2.15 where the arrow points out the mesh
pattern along the rib walls. The model was then analyzed and local buckling was
observed within the rib walls as expected. The deflected shape for the second mesh
pattern (Figure 2.15) is shown below in Figure 2.16. The arrow in Figure 2.16
indicates the location where local buckling occurred in the rib walls.
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Figure 2.15 _ Convergence test model (two elements per rib wall)
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Figure 2.16 _ Convergence test model (two elements per rib wall) deflected shape
The next two models analyzed four and eight elements per rib wall,
respectively (See Figure 2.17 and Figure 2.19). The arrows in Figure 2.17 and Figure
2.19 point out the mesh pattem along the rib walls. The results of the models were
observed and local buckling occurred in a very similar manner. Figure 2.18 and
Figure 2.20 display the deflected shapes for the models analyzed with four and eight
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Figure 2.15 - Convergence test model (two elements per rib wall)
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Figure 2.16 - Convergence test model (two elements per rib wall) deflected shape
The next two models analyzed four and eight elements per rib wall,
respectively (See Figure 2.17 and Figure 2.19). The arrows in Figure 2.17 and Figure
2.19 point out the mesh pattern along the rib walls. The results of the models were
observed and local buckling occurred in a very similar manner. Figure 2.18 and
Figure 2.20 display the deflected shapes for the models analyzed with four and eight
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elements per rib wall, respectively. The arrows 10 these two figures indicate the
location of local bucking in the rib walls.
Figure 2.17 - Convergence test model (four elements per rib wall)
Figure 2.18 - COI1Yergence test model (four clements per rib wall) deflected shape
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elements per rib wall, respectively. The arrows in these two figures indicate the
location of local bucking in the rib walls.
Figure 2.17 - Convergence test model (four elements per rib wall)
1--\
3
Figure 2.18 - Convergence test model (four elements per rib wall) deflected shape
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Figure 2.19 - Convergence test model (eight elements per rib wall)
Figure 2.20 - Convergence test model (eight elements per rib wall) deflected shape
For completeness a model was also analyzcd with 16 elements per rib wall.
TI1C dcflcctcd shape is ShO\\11 in Figure 2.21. TIle arrow ShO\\11 in the figure points to
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Figure 2.19 - Convergence test model (eight elements per rib wall)
Figure 2.20 - Convergence test model (eight elements per rib wall) deflected shape
For completeness a model was also analyzed with 16 elements per rib wall.
The deflected shape is shown in Figure 2.21. The arrow shown in the figure points to
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the location of local buckling in the rib walls. Notice the deflected shape is similar
(or consistent) with the other models analyzed in this subsection.
Figure 2.21 - Convergence test model (sixteen elements per rib wall) deflected shape
The results from all five models were recorded and compared (See Table 2.2
and Figure 2.22). The results displayed below could not be validated with test results
due to the modified rib wall thickness (3/16"). The results are provided to exhibit the
manner in which they approached a specific value (or converged). It was concluded
from that one and two elements per rib wall were inaccurate based on their
relationship to the other values. It was also concluded that the results started to
approach a specific value with four clements per rib wall. The increase in the number
of elements per rib wall. beyond four. was unnecessary due to the fact that the results
changed only slightly (less than 2% change from 4 to 8 elements). Therefore. the
analysis perfonned in Phase I of the research used four clements per rib wall.
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the location of local buckling in the rib walls. Notice the deflected shape is similar
(or consistent) with the other models analyzed in this subsection.
Figure 2.21 - Convergence test model (sixteen elements per rib wall) deflected shape
The results from all five models were recorded and compared (See Table 2.2
and Figure 2.22). The results displayed below could not be validated with test results
due to the modified rib wall thickness (3/16"). The results are provided to exhibit the
manner in which they approached a specific value (or converged). It was concluded
from that one and two elements per rib wall were inaccurate based on their
relationship to the other values. It was also concluded that the results started to
approach a specific value with four elements per rib wall. The increase in the number
of elements per rib wall, beyond four, was unnecessary due to the fact that the results
changed only slightly (less than 2% change from 4 to 8 elements). Therefore, the
analysis performed in Phase 1 of the research used four elements per rib wall.
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CONVERGENCE TESTING [d']
NUMBER OF ELEMENTS PER PLB LONGITUDINAL DEFLECTION
RIB WALL fKIPS] [INCHES]
1 GLOBAL BUCKLING
-
2 2946.1 0.170
4 2149.9 0.118
8 2110.1 0.116
16 2073.4 0.114
Table 2.2 - Convergence test results for Phase 1
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Figure 2.22 - Plot of the convergence test results for Phase 1
2.6.2 Convergence Testing for Deck Plate Analysis (Phase 2)
The second phase of the research focused on the local buckling of the deck
plate between the ribs. Again, convergence testing was perfonned to detenninc the
mesh refinement nceded along the deck plate. The process was analogous to the
convcrgencc testing of Phase 1 described in the previous subsection.
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The first model analyzed again used the same dimensions as the Bronx
Whitestone Bridge, but now the distance between the ribs was increased to 15" and
the deck plate thickness was reduced to 3/16". This was performed in an effort to
force local buckling to occur in the deck plate. The first mesh analyzed was very
simple (unrefined). Within a cross section there were two elements along the deck
plate between the ribs (shown by the double arrow in Figure 2.23). The analysis was
performed and the results were recorded. Figure 2.24 shows the deflected shape
where local buckling occurred in the deck plate between the rib members as expected.
The arrow in Figure 2.24 points to the location of local buckling in the deck plate.
Figure 2.23 - Convergence test model (two clements between the ribs)
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The first model analyzed again used the same dimensions as the Bronx
Whitestone Bridge, but now the distance between the ribs was increased to 15" and
the deck plate thickness was reduced to 3/16". This was performed in an effort to
force local buckling to occur in the deck plate. The first mesh analyzed was very
simple (unrefined). Within a cross section there were two elements along the deck
plate between the ribs (shown by the double arrow in Figure 2.23). The analysis was
performed and the results were recorded. Figure 2.24 shows the deflected shape
where local buckling occurred in the deck plate between the rib members as expected.
The arrow in Figure 2.24 points to the location of local buckling in the deck plate.
3~1
Figure 2.23 - Convergence test model (two elements between the ribs)
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Figure 2.24 - Convergence test model (two elements between the ribs) deflected
shape
The same process was repeated for refined meshes with four, eight and sixteen
elements along the deck plate between the rib members, respectively (See Figure 2.25
and Figure 2.27). The double arrows in Figure 2.25 and Figure 2.27 indicate the
number of elements along the deck plate between the rib members. These models
were analyzed and the results were recorded. For all three models the location of
local buckling was similar to that of the previous models. Figure 2.26 and Figure
2.28 show the deflected shape for the models with four and eight elements along the
deck plate between the ribs, respectively. The arrows display the location of initial
local buckling in the deck plate. The deflected shape for sixteen elements along the
deck plate bctween the rib mcmbers was nearly idcntical to those ShO\\11 in the Figurc
2.26 and Figure 2.28.
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Figure 2.25 - Convergence test model (four elements between the ribs)
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Figure 2.26 - Convergence test model (four elements between the ribs) deflected
shape
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Figure 2.26 - Convergence test model (four elements between the ribs) deflected
shape
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Figure 2.27 - Convergence test model (eight elements between the ribs)
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Figure 2.28 - Convcrgence tcst model (eight clements between the ribs) deflected
shape
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Figure 2.27 - Convergence test model (eight elements between the ribs)
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Figure 2.28 - Convergence test model (eight elements between the ribs) deflected
shape
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The results from all four models were recorded and compared (See Table 2.3
and Figure 2.29). Similar to the previous subsection, the results displayed below
could not be validated with test results due to the modified dimensions (rib spacing
and deck thickness). The results are provided to exhibit the manner in which they
approached a specific value (or converged). It was concluded that the results started
to approach a specific value with four elements between the rib members. However,
increasing the number of elements between ribs to eight produced a 16% change in
the local buckling load. The further increase in the number of elements altered the
results only slightly (less than 2%). Therefore, the analysis perfonned in Phase 2 of
the research used eight elements along the deck plate between the rib members.
CONVERGENCE TESTING fe)
NUMBER OF ELEMENTS PLB LONGITUDINAL DEFLECTION
BETWEEN RIBS [KIPS]
_UNCHES]
2 3038.0 0.257
4 2156.0 0.181
8 1862.0 0.156
16 1842.4 0.150
Table 2.3 - Convergence test results for Phase 2
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Figure 2.29 - Plot of the convergence test results for Phase 2
2.6.3 Convergence Testing for Deck Plate Analysis (Phase 3)
The third phase of the research analyzed local buckling of the deck plate
above the rib members. Phase 3 of the research was analogous to Phase 2. This was
due to the fact that both phases analyzed local buckling in the deck plate8. Therefore,
it was decided to use the results of the convergence tests perfonlled in Phase 2 for the
mesh of the models in Phase 3. As a rcsult, the models analyzed in Phase 3 used
eight elcmcnts along thc deck platc abovc thc rib mcmbcrs. Figurc 2.30 shows the
typical mesh pattem for Phasc 3 of the rcsearch. The double headed arrow displayed
in Figure 2.30 points out the number of elcmcnts along thc deck plate above the rib
members (eight).
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Figure 2.30 - Typical Phase 3 mesh (eight elements above the rib members)
2.6.4 Convergence Testing for Bridge Deck Analysis (Phase 4)
The fourth and final phase of the research analyzed local buckling of the rib
walls and deck plate within the bridge deck system. Therefore, the mesh pattern used
in Phase 4 was chosen from the convergence test results from Phase 1 and 2. The
models analyzed in Phase 4 used four elements per rib wall, eight elements along the
deck plate bet\veen the rib members, and eight elements along the deck plate above
the rib members. Figure 2.31 displays a typical mesh pattern for the models analyzed
in Phase 4 of the research.
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Figure 2.30 - Typical Phase 3 mesh (eight elements above the rib members)
2.6.4 Convergence Testing for Bridge Deck Analysis (Phase 4)
The fourth and final phase of the research analyzed local buckling of the rib
walls and deck plate within the bridge deck system. Therefore, the mesh pattern used
in Phase 4 was chosen from the convergence test results from Phase 1 and 2. The
models analyzed in Phase 4 used four elements per rib wall, eight elements along the
deck plate between the rib members, and eight elements along the deck plate above
the rib members. Figure 2.31 displays a typical mesh pattern for the models analyzed
in Phase 4 of the research.
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Figure 2.31 - Typical Phase 4 mesh
2.7 Parameters for the Five Trapezoidal Rib Orthotropic Bridge Deck Panel
This section discusses the specific parameters of the orthotropic bridge deck
models analyzed in this research. The geometric parameters are discussed in detail
along with the material properties. In addition, the boundary conditions and loading
applied to the models are presented.
As described in Chapter 1, orthotropic bridge decks consist of a flat, thin steel
deck plate, stiffened by a series of longitudinal ribs at right angles, or orthogonal, to
the floor beams (See Figure 1.7). The initial cross-sectional dimensions used for this
research were the same as the Bronx Whitestone Bridge without the cutouts in the
web of the floorbeams (See Figure 2.32). All of the following models were variations
of this particular cross-section. The method in which the parameters were varied (test
matrix) is discussed further in Section 3.2.
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Figure 2.31 - Typical Phase 4 mesh
2.7 Parameters for the Five Trapezoidal Rib Orthotropic Bridge Deck Panel
This section discusses the specific parameters of the orthotropic bridge deck
models analyzed in this research. The geometric parameters are discussed in detail
along with the material properties. In addition, the boundary conditions and loading
applied to the models are presented.
As described in Chapter I, orthotropic bridge decks consist of a flat, thin steel
deck plate, stiffened by a series of longitudinal ribs at right angles, or orthogonal, to
the floor beams (See Figure 1.7). The initial cross-sectional dimensions used for this
research were the same as the Bronx Whitestone Bridge without the cutouts in the
web of the floorbeams (See Figure 2.32). All of the following models were variations
of this particular cross-section. The method in which the parameters were varied (test
matrix) is discussed further in Section 3.2.
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VJ24X104
Figure 2.32 - Bronx Whitestone Bridge orthotropic deck cross-sectional dimensions
The notation used for the cross sectional dimensions are shown below in
Figure 2.33. The reasons for dimensioning the cross section of the orthotropic deck
system in this manner are discussed in Section 3.2. The purpose of this section is to
familiarize the reader with the notation used throughout the remainder of this thesis.
Notice that the bottoms of the rib members were held constant at 5" for each model.
This was due to the fact that the occurrence of local buckling in this section is
unlikely9. In addition, the floorbeam dimensions were kept the same throughout the
research. The floorbeam dimensions used were from a W24 X 104 rolled steel
section, consistent with the floorbeams along the Bronx Whitestone Bridge.
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a = width of deck plate above rib
e = width of deck plate between ribs
td = deck plate thickness
tr = rib thickness
d' = angular depth of rib walls
Figure 2.33 - Cross-section notation used in this research project
The length of the orthotropic bridge deck panel was 18 feet (216"). The
floorbean1s were located 48" from the ends of the panel (See Figure 2.34). These
dimensions were chosen to be consistent with the three-rib orthotropic deck test
specimen discussed in Section 2.3.
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Figure 2.34 - Orthotropic deck elevation view with dimensions
The material properties for each model were held constant. The entire
orthotropic bridge deck system is comprised of welded steel members. The steel
properties used throughout the research were the same as the three-rib test specimen.
Therefore, the steel yield stress was 50 ksi with a modulus of elasticity and Poison's
ratio of 29,000 ksi and 0.30, respectively. In addition, the plastic material properties
defined, included the effects of strain hardening and are shown in Table 2.1.
Boundary conditions are typically the most sensitive parameters when
performing finite element modeling. The boundary conditions used to model the
three rib test specimen in Section 2.3 were selected to accurately model the testing
conditions. It was decided that the boundary conditions for Phase 1, 2, and 3 of the
research could be modified to better depict actual conditions and analyzed the desired
applied stress distribution (See Section 2.4). For example, the boundary conditions at
the loaded end of the panel \vere selected so the system was subjected to a
compressive a.xial force and negative bending moment. In addition. the sides of the
panel were left unrestrained in the three rib specimen due to the limitations of the test
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setup. However, the orthotropic deck panel is assumed to be continuous in all
directions. Therefore, there will be some restraint along the sides of the panel. The
boundary conditions for the finite element models are shown in Figure 2.35.
Therefore, the unrestrained degrees of freedom or possible displacements and
rotations of the models analyzed in Phase 1, 2, and 3 of the research are shown below
in this figure (compression loading would be applied to the far end in this figure).
3)-"
1
Figure 2.35 - Pennitted (not restrained) displacements and rotations for the five
trapezoidal rib orthotropic deck finite element models of Phase 1, 2, and 3
Phase 4 of the research analyzed the trapezoidal rib orthotropic bridge deck
system with modified boundary conditions from the first three phases of research.
The reason for the modification was to analyze the trapezoidal rib orthotropic deck
system subjected to the compressive stress distribution discussed in Section 2.4. At
this location the superimposed stress distribution applied to the orthotropic deck was
assumed to be unifon11 (See Section 2.4). Therefore, the compression loading was
applied through the centroid. As a result, the stresses throughout the ribs and deck
plate were equal. However. the boundary conditions along the sides were kept the
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same as the first three phases. The possible displacements and rotations for the
models analyzed in Phase 4 are shown in Figure 2.36 (compression loading would be
applied to the far end in this figure).
3
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Figure 2.36 - Pennitted (not restrained) displacements and rotations for the five
trapezoidal rib orthotropic deck finite element models of Phase 4
Similar to the boundary conditions, the loading applied to the models in this
research was altered from the three rib test specimen. In all phases, the five rib
models were loaded by a unifonnly distributed compression load applied to the end of
the panel (See Figure 2.37). In the first three phases, the applied loading combined
with the selected boundary conditions subjected the models a net axial force and
induced negative bending moment (due to the compressive force applied through and
eccentricity). This loading was applied to analyze the assumed stress distribution
discussed in Section 2.4. However, the models analyzed in the fourth phase, due to
the applied loading and selected boundary conditions, were only subjected to a net
a.xial force. These conditions were applied to analyze the assumed stress distribution
discussed in Section 2.4 (unifonn compression).
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The loading applied to the end of the trapezoidal rib orthotropic bridge deck
models in all phases of the research included the affects of local (vehicular) and
global force effect. However, no direct transverse loading was applied to the models
(See Figure 2.37). This was due to the fact that the focus of this research was on the
initiation of local buckling within the deck system. Therefore, a transverse load
would induce tension in the rib members. This would counteract the compression
forces and allow the rib members to locally buckle under a higher load. As a result, it
was more conservative to analyze the deck system as a column and not include the
transverse load. The initial model was analyzed with and without transverse loading
and this assumption was, in fact, accurate. As expected, the model without a
transverse load locally buckled first.
DECK PLATE
DIRECTION Dr /1
TRArrIC
LOORBEAM
'-TRAPE ZDI DAL RI B
Figure 2.37 - Loading applied to the five trapezoidal rib orthotropic deck finite
element models
On the other hand, transverse loading induces compressive forces in the deck
plate. When analyzing local buckling within the deck plate, it would appear to be
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more conservative to include the transverse loading. However, to remain consistent
throughout the analysis, the loading was held constant. Therefore, transverse loading
was not explored in this research and is discussed under further research in Chapter 5.
2.8 Summary of Preliminary Results
In summary, the preliminary results obtained were essential to proceed with
the detailed computational analyses. First, the finite element program for this
research (ABAQUS CAE) was learned thoroughly. Then, the finite element results
were confinned with actual test data (three rib test specimen). The assumptions and
limitations were identified. Next, an acceptable modeling process was established.
Convergence testing was perfonned to detennine the proper mesh refinement needed
throughout the different phases of the research. Finally, the specific parameters were
established for the detailed parametric computational analysis to be discussed in
Chapter 3.
S The boundary conditions are discussed in detail in Section 2.7
6 For information regarding why the deck system was modeled without a transverse load see Section
2.7.
7 Phases I, 2, and 3 are described further in Section 3.2
8 It is sho\\rn in Chapter 3 that the analysis result of Phase 2 and Phase 3 are basically the same.
9 For further discussion on why the rib bottoms were held constant see Section 3.2
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CHAPTER 3 - Parametric Analysis
3.1 Introduction
This chapter discusses all the detailed computational analyses perfonned in
this research project. First the manner in which the parameters were varied is
explained. Then each model analyzed is described in detail. The failure modes,
failure locations, maximum stress locations, variation of stresses and so on are
identified. Finally, the results are summarized for all four phases of the research.
3.2 Variation of Parameters
As discussed earlier, the primary focus of this research was to analyze local
buckling and the variation of stresses within a trapezoidal rib orthotropic bridge deck
system. The American Association of State Highway and Transportation Officials
(AASHTO) require orthotropic bridge deck designs to avoid the occurrence of elastic
local buckling [AASHTO, 2004]. Therefore, this research was focused on analyzing
various geometric cross-sections of an orthotropic bridge deck in order to better
understand the occurrence of local buckling and the resulting variation of stresses.
Typically, the most important paranleter when considering local buckling of plate
members is the width to thickness ratio. The larger the width to thickness ratio, the
less load is required to locally buckle the plate member (assuming the same boundary
conditions).
Within the cross section of an orthotropic bridge deck there are many
locations of the deck and rib members which could be considered to locally buckle.
Howeyer. some of the mcmbcrs wcrc immcdiately ruled out. For trapezoidal rib
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members, the bottom section of each rib will have a low width to thickness ratio in
comparison to the other sections. Therefore, for this research the width of the bottom
rib section of the trapezoidal ribs was held constant (See Figure 3.1).
DECK SECTION
ABOVE RIBS DECK SECTION
BETwEEN RIBS
RIB BOTTOM
(CONSTANT)
Figure 3.1 - Trapezoidal rib orthotropic deck subdivisions
The sides of the trapezoidal rib members, referred to in this thesis as the rib
walls, have a relatively high width to thickness ratio and consequently were exanlined
for local buckling. Notice that the ribs are symmetric about the vertical axis.
Therefore, the rib walls should locally buckle at the same load increment.
The first phase of this research (Phase I) analyzed local bucking in the rib
wal1s and the variation of stresses within the deck system for the applied loading (See
Section 2.7). Therefore, the parameters varied for this phase were the width to
thickness ratios of the rib walls (d'/tr) (See Figure 2.33). In order to compare results,
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all other parameters (basic geometry, material properties, loads, and boundary
conditions) were held constant throughout the first phase which was then divided into
three parts (A, B, and C). First, Phase I-A modeled the deck system with a constant
rib depth (d'=14"). The rib thickness (tr) was varied six times for that specific rib
depth. Next, Phases I-B and l-C modeled two additional rib depths (d'=15.5" and
d'=17"), each with seven different rib thicknesses. As a result, twenty different
models were studied (See Table 3.1).
TEST MATRIX - PHASE 1
1 - A
1-8
1 - C
MODELS d' = 14"
1 - 6 tr = 3/32", 1/8",3/16", 1/4",5/16",3/8"
MODELS d' = 15.5"
7 - 13 tr = 3/32",1/8",3/16",1/4",5/16",3/8",1/2"
MODELS d' = 17"
14 - 20 tr = 3/32",1/8",3/16",1/4",5/16",3/8",1/2"
Table 3.1 - Test matrix for Phase 1
In addition to the rib members, local buckling may occur in the deck plate.
For widely spaced rib systems, width to thickness ratios of the deck sections between
ribs can become relatively high. Therefore, local buckling within these deck sections
was considered (See Figure 3.1).
The second phase of this research (Phase 2) examined local buckling in the
deck plate between the rib members and the variation of stresses within the deck
systcm for the applicd loading (See Section 2.7). Therefore, the parameters varicd for
this phase were the width to thickness ratios of thc deck plate bctween ribs (e/tJ) (Sce
58
Figure 2.33). Again, all other parameters were held constant throughout the second
phase. The phase was then broken up into three separate parts (A, B, and C), similar
to Phase 1. Phase 2-A modeled the deck system with a constant rib spacing (e=15").
The deck plate thickness (41) was varied six different times for that specific rib
spacing. Next, Phases 2-B and 2-C modeled two additional rib spacings (e=17" and
e=19"), each with six different deck thicknesses. As a result, eighteen additional
models were studied (See Table 3.2).
TEST MATRIX· PHASE 2
2 -A
2-8
2 - C
MODELS e =15"
21 - 26 ~ =1/8", 3/16",1/4",3/8",1/2",5/8"
MODELS e =17"
27 - 32 ~ =1/8",3/16", 1/4",3/8", 1/2",5/8""
MODELS e =19"
33 - 38 ~ =1/8", 3/16", 1/4",3/8", 1/2",5/8"
Table 3.2 - Test matrix for Phase 2
Many orthotropic bridge decks have equal dimensions for the rib spacing (e)
and the deck section above the ribs (a). Otherwise, dimension (e) is typically larger
than (a). However, it is conceivable to have the situation where (a) is larger than (e).
Therefore, when the width of the deck section above the ribs becomes greater than
that of the deck section between the ribs, the deck section above the ribs becomes a
concem. For that reason, these sections were treated in separate phases of the
research.
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The third phase of this research (Phase 3) investigated local buckling in the
deck plate above the rib members (See Figure 3.1) and the variation of stresses within
the deck system for the applied loading (See Section 2.7). The parameters varied for
this phase were the width to thickness ratios of the deck plate above the ribs (a/1d)
(See Figure 2.33). The analysis procedure of this phase was identical to Phase 2.
Therefore, eighteen more models were analyzed (See Table 3.3).
TEST MATRIX· PHASE 3
3-A
3-8
3-C
MODELS a = 15"
39 -44 ~ = 1/8", 3/16", 1/4", 3/8", 1/2", 5/8"
MODELS a = 17"
45 - 50 ~ = 1/8", 3/16", 1/4", 3/8", 1/2", 5/8""
MODELS a = 19"
51 - 56 ~ = 1/8", 3/16", 1/4", 3/8", 1/2", 5/8"
Table 3.3 - Test matrix for Phase 3
The fourth phase of the research (Phase 4) analyzed local buckling and the
variation of stresses within the bridge deck system for the applied loading (See
Section 2.7). The material properties and basic geometry were kept the same as the
first three phases; however the boundary conditions were modified. The purpose for
the modification was because it was desired to analyze the trapezoidal rib orthotropic
bridge deck system with the axial compression loading applied through the centroid.
This allowed the system to be analyzed under unifornl compression lO• The
paranleters varied for this phase were the rib wall thickness (tr) and the deck plate
thickness (tJ) (See Figure 2.33). In order to compare the results within Phase 4, the
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boundary conditions, loading, material properties, and basic geometry were held
constant.
Phase 4 was divided into two parts (A and B). First, Phase 4-A modeled the
deck system with the same cross sectional dimensions as the Bronx Whitestone
Bridge, except for the rib thickness (see Figure 2.32 for the Bronx Whitestone Bridge
dimensions). The rib thickness (tr) was varied seven different times. Then, Phase 4-
B modeled the deck system with the same cross sectional dimensions as the Bronx
Whitestone Bridge, except for the deck plate thickness. The deck plate thickness (1d)
was also varied seven different times. As a result, fourteen different models were
studied in Phase 4 (See Table 3.4)
TEST MATRIX· PHASE 4
4-A
4-8
MODELS t, =3/16", 7/32",15/64",1/4",9/32",5/16",3/8"
57 - 63
MODELS ~ =1/4", 5/16",3/8",7/16",1/2",9/16",5/8"64 -70
Table 3.4 - Test matrix for Phase 4
In summary, the four primary phases of this research involved analyzing the
local buckling behavior in the rib walls and deck plate of a trapezoidal rib orthotropic
bridge deck along with the corresponding variation of stresses within the system.
These four phases included the study of 70 trapezoidal rib orthotropic bridge deck
models. The results of the research are discussed in the following sections.
61
3.3 Analysis
The main focus of this research was to gain a better understanding of the local
buckling behavior and variation of stresses within a trapezoidal rib orthotropic bridge
deck system. Therefore, each phase examined varying width to thickness ratios for
the critical sections (discussed in Section 3.2) within the orthotropic deck system. As
a result, the failure mode (elastic or inelastic local buckling), failure location,
maximum stress location, and variation of stresses were studied. The analyses of
each phase of the research are discussed below.
3.3.1 Phase 1
All three parts of Phase I yielded consistent results]!. Each part gave a good
representation of the local buckling behavior of the rib walls and the variation of
stresses in a trapezoidal rib orthotropic bridge deck system for the applied loading.
Therefore, for each model analyzed in Phase 1, the failure mode, failure location,
stresses, maximum stress location, etc. were obtained. In addition, the variation of
stresses due to the varying rib wall width to thickness ratios was observed. The
results of each part of Phase 1 are described in the following three sub-sections (for
Phase 1 test matrix See Table 3.1).
3.3.1.1 Phase I-A
Phase I-A modeled the orthotropic bridge deck panel having the angular rib
depth (d') equal to 14 inches and analyzing six different rib thicknesses (tr). As stated
earlier, all other parameters were held constant. The first two rib thicknesses
analyzed were 3/32" and I/S". These are impractical dimensions for compression
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members since the minimum thickness for a steel member according to AASHTO is
1/4". However, these analyses were performed to observe the extreme circumstance
where elastic local buckling would most likely occur as the mode of failure.
As a result, local buckling did occur before the onset of yielding in both
models. Local buckling occurred in the rib walls at the same location between the
floorbeam and loaded end of the panel (See Figure 3.2). The arrow in Figure 3.2
indicates this location. As shown, the deflected shape is symmetric, as expected for
symmetric structures subjected to symmetric loading. This holds true throughout all
the models in this research project. Another general observation is that with
increasing load, local buckling propagated down the ribs walls away from the loaded
end of the panel.
--~
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Figure 3.2 -Local buckling of the rib walls (Phase I-A, tr = I IS")
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members since the minimum thickness for a steel member according to AASHTO is
1/4". However, these analyses were performed to observe the extreme circumstance
where elastic local buckling would most likely occur as the mode of failure.
As a result, local buckling did occur before the onset of yielding in both
models. Local buckling occurred in the rib walls at the same location between the
floorbeam and loaded end of the panel (See Figure 3.2). The arrow in Figure 3.2
indicates this location. As shown, the deflected shape is symmetric, as expected for
symmetric structures subjected to symmetric loading. This holds true throughout all
the models in this research project. Another general observation is that with
increasing load, local buckling propagated down the ribs walls away from the loaded
end of the panel.
Figure 3.2 -Local buckling of the rib walls (Phase I-A, tr = 1/8")
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At the onset of local buckling in the first and second models, the maximum
compressive stresses in the rib members were only 21 ksi (thousand pound per square
inch) and 36 ksi, respectively (See Figure 3.3 and Figure 3.4). The location of
maximum stress occurred at the rib bottoms near the loaded end of the panel 12• As a
result, upon further loading, this was also the location where yielding was initiated
(See Figure 3.5). The arrow in Figure 3.5 indicates this location. As shown here, the
distribution of stresses were also symmetric.
S, Mises
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Figure 3.3 - Stress contours at local buckling (Phase I-A. tr = IIS")
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At the onset of local buckling in the first and second models, the maximum
compressive stresses in the rib members were only 21 ksi (thousand pound per square
inch) and 36 ksi, respectively (See Figure 3.3 and Figure 3.4). The location of
maximum stress occun-ed at the rib bottoms near the loaded end of the panel 12• As a
result, upon further loading, this was also the location where yielding was initiated.
(See Figure 3.5). The arrow in Figure 3.5 indicates this location. As shown here, the
distribution of stresses were also symmetric.
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Figure 3.3 - Stress contours at local buckling (Phase I-A, tr = 1/8")
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Figure 3.4 - Stress contours at local buckling zoomed in (Phase I-A, tr = 1/8")
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Figure 3.5 - Stress contours at initial yiclding (Phasc I-A. tr = liS")
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Figure 3.4 - Stress contours at local buckling zoomed in (Phase I-A, tr = 1/8")
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Figure 3.5 - Stress contours at initial yielding (Phase I-A, tr = 1/8")
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It was apparent from the deflected shape that the bottom sections of the ribs
were subjected to the highest compressive stress throughout Phase 1. However, as
discussed in the previous section, the width to thickness ratio of this section was very
low in comparison to the other sections. Therefore, the bottom of the rib members
were still not the critical section of the deck panel and would not locally buckle.
The next models, had rib thicknesses of 3/16", 1/4", and 5/16". The results of
these three models (Models 3, 4, and 5) were very similar and are described together.
In all three cases, the failure mode was inelastic local buckling. Yielding initiated in
the bottom section of the rib near the loaded end of the panel (See Figure 3.6 and
Figure 3.7). This location is indicated by the arrow in Figure 3.7.
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+J.JH.+01
+2.917.'01
+2.~00~01
+2.084.'01
+1.667.'01
+1.2~O.'01
+8.B7..+00
+4.171.'00
+4 .1l~..-01
ODe: dl4tr~16th.
npp: Stpp-1
Incr~t 42:
rn"",r'Y V..r: S, II
C.fonrod V..r: U
Figure 3.6 - Stress contours at initial yielding (Phase I-A. tr =5116")
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It was apparent from the deflected shape that the bottom sections of the ribs
were subjected to the highest compressive stress throughout Phase 1. However, as
discussed in the previous section, the width to thickness ratio of this section was very
low in comparison to the other sections. Therefore, the bottom of the rib members
were still not the critical section of the deck panel and would not locally buckle.
The next models, had rib thicknesses of 3116", 114", and 5116". The results of
these three models (Models 3, 4, and 5) were very similar and are described together.
In all three cases, the failure mode was inelastic local buckling. Yielding initiated in
the bottom section of the rib near the loaded end of the panel (See Figure 3.6 and
Figure 3.7). This location is indicated by the arrow in Figure 3.7.
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Figure 3.6 - Stress contours at initial yielding (Phase I-A, tr = 5116")
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Figure 3.7 - Stress contours at initial yielding zoomed in (Phase I-A, tr = 5116")
Local buckling then occurred after the onset of yielding in the rib walls between the
floorbeam and the loaded end of the panel (See Figure 3.8 and Figure 3.9). The
arrow in Figure 3.9 points to this location. All three models were able to develop the
yield strength in compression before the occurrence of local buckling. In addition,
the load and average axial stresses at which yielding and local buckling occurred
increased with thicker rib walls l3 .
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5, MisE's
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Figure 3.7- Stress contours at initial yielding zoomed in (Phase I-A, tr = 5/16")
Local buckling then OCCUlTed after the onset of yielding in the rib walls between the
floorbeam and the loaded end of the panel (See Figure 3.8 and Figure 3.9). The
arrow in Figure 3.9 points to this location. All three models were able to develop the
yield strength in compression before the occurrence of local buckling. In addition,
the load and average axial stresses at which yielding and local buckling occurred
increased with thicker rib walls!3.
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Figure 3.8 _ Stress contours at local buckling (phase I-A, tr = 5/16")
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Figure 3.9 _ Local buckling of the rib walls (Phase I-A. tr = 5116")
In the final model of Phase I-A (~todel 6). the conservative rib thickness was
assigned to be 3/8", The failure mode of this model was global yielding (See Figure
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Figure 3.8 - Stress contours at local buckling (Phase I-A, tr = 5/16")
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Figure 3.9 - Local buckling of the rib walls (Phase I-A, tr = 5/16")
In the final model of Phase I-A (Model 6), the conservative rib thickness was
assigned to be 3/8". The failure mode of this model was global yielding (See Figure
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3.10). The rib walls did not locally buckle throughout failure. Yielding was initiated
in the bottom of the ribs at the same location as all the previous models in Phase 1.
However, well after yielding the structure slowly deformed in a manner shown in
Figure 3.10 (see Figure 3.11 for the corresponding stress contours). The deck never
truly "buckled", rather the failure was gradual. Therefore, this would be considered a
very desirable failure mode. However, "too" thick rib members in comparison to the
deck thickness become a fatigue concern. Fatigue issues were not considered in this
research as stated in the assumptions and limitations section of this report (See
Section 2.4). For further information regarding orthotropic deck fatigue-sensitive
detail refer to Connor [2002].
l'i
+'.OOOe+Ol
Figure 3.10 - Global yielding of the system (Phase I-A. tr = 3/8")
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3.10). The rib walls did not locally buckle throughout failure. Yielding was initiated
in the bottom of the ribs at the same location as all the previous models in Phase 1.
However, well after yielding the structure slowly deformed in a manner shown in
Figure 3.10 (see Figure 3.11 for the corresponding stress contours). The deck never
truly "buckled", rather the failure was gradual. Therefore, this would be considered a
very desirable failure mode. However, "too" thick rib members in comparison to the
deck thickness become a fatigue concern. Fatigue issues were not considered in this
research as stated in the assumptions and limitations section of this report (See
Section 2.4). For further information regarding orthotropic deck fatigue-sensitive
detail refer to Connor [2002].
Figure 3.10 - Global yielding of the system (Phase I-A, tr = 3/8")
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Figure 3.11 - Stress contours at global yielding of the system (Phase I-A, tr = 3/8")
In summary, Phase I-A gave a good representation of the local buckling
behavior in the rib walls of a trapezoidal rib orthotropic bridge deck and the
corresponding variation of stresses within the system. The results from each model of
Phase I-A are shO\\l1 below in Table 3.5. A plot of the buckling and yield loads for
the corresponding width to thickness ratios (d'/tr) is ShO\\11 in Figure 3.12 14• In
addition, the variation of average a:'\ial stresses at local buckling for the
~ ~
corresponding \\'idth to thickness ratios are plotted in Figure 3.13 (the significance of
this figure is discussed in Section 4.1).
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Figure 3.11 - Stress contours at global yielding of the system (Phase I-A, tr = 3/8")
In summary, Phase I-A gave a good representation of the local buckling
behavior in the rib walls of a trapezoidal rib orthotropic bridge deck and the
corresponding variation of stresses within the system. The results from each model of
Phase I-A are shown below in Table 3.5. A plot of the buckling and yield loads for
the corresponding width to thickness ratios (d'/t r) is shown in Figure 3.1i 4• In
addition, the variation of average axial stresses at local buckling for the
corresponding width to thickness ratios are plotted in Figure 3.13 (the significance of
this figure is discussed in Section 4.1).
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I PHASE 1-A I d' =14" I
RIB THICKNESS d' Pbuckle PyleldMODEL t, Gb(avg) FAILURE MODE
(in] [kips] [ksi] [kips]
1 3/32" 149.33 334 3 758 elasUc local buckling
2 1/8" 112.00 818 8 1083 elasUc local buckling
3 3/16" 74.67 2150 19 1712 Inelastic local buckllna
4 1/4" 56.00 3276 27 2150 Inelastic local buckling
5 5/16" 44.80 4254 32 2628 Inelastic local buckling
6 3/8" 37.33 4778 33 3071 Ig/obal yielding
Table 3.5 - Results of Phase I-A
Id' = 14" I Axial Load (P) V5. dl/tr
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Figure 3.12 - Plot of the buckling and yield loads for Phase]-A
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Figure 3.13 - Plot of the average axial stress variation at local buckling in the rib
walls of Phase I-A
3.3.1.2 Phase 1-8
Phase I-B modeled the orthotropic bridge deck panel having the angular rib
depth (d') equal to 15.5 inches and analyzing seven different rib thicknesses (tr). As
stated earlier, all other parameters were held constant. Again, the first two rib
thicknesses were 3/32" and 1/8" (Model 7 and Model 8, respectively). The failure
mode of each model was clastic local bucking, which was expected after the results of
Phase I-A. The location of the maximum compressive stress was along the rib
bottoms near the loaded end of the panel, consistent with Phase I-A. For Models 7
and 8 the maximum compressive stress at initial local bucking was 17 ksi and 32 ksi,
respectively.
The next four models (Models 9 through 12) had rib thicknesses 3/16", 1/4",
5/16", and 3/8". The failure mode of all four models was inelastic local buckling.
The results from each of these models were consistent with those obtained in Phase 1-
A. Again, local buckling occurred in the rib walls between the floorbeam and the
loaded end of the panel (See Figure 3.14). The arrow in Figure 3.14 indicates the
location of local buckling.
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Figure 3.14 - Local buckling of the rib walls (Phase I-B, tr = 3/16")
TIle final model of Phase I-B (Model 13) had a deck system with a 1/2" rib
thickness. TIle results of this model were analogous to Model 6 in Phase I-A. TIle
failure modes and locations were consistent since both models had very low rib wall
width to thickness ratios (d·/tr). TIlat is the rib wall thickness (t r) for Model 13 was
large enough to cause the system to globally yield and avoid local buckling.
- - . - .. . -
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Summarizing Phase I-B, the results obtained from all seven models were
consistent with Phase I-A. The results from each model of Phase I-B are shown
below in Table 3.6. A plot of the buckling and yield loads for the corresponding
width to thickness ratios (d'/t,) is shown in Figure 3.15. In addition the variation of
average axial stresses at local buckling for the corresponding width to thickness ratios
are plotted in Figure 3.16.
I PHASE 1·8 I d' =166" I
RIB THICKNESS d' PbuCklt PyltldMODEL t, °b(lvg) FAILURE MODE
[In] [kips] [ksl] rklosl
7 3/32" 165.33 275 3 776 elastic local buckllnI1
8 1/8" 124.00 710 7 1081 elastic local buckllna
9 3/16" 82.67 2123 19 1704 Inelastic local buckllna
10 1/4" 62.00 3123 25 2262 Inelastic local buckllna
11 5/16" 49.60 4137 31 2841 Inelastic local buckllna
12 318" 41.33 5138 36 3404 Inelastic local buckllna
13 112" 31.00 6224 38 4446 lalobal vleldlna
Table 3.6 - Results of Phase I-B
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Figure 3.15 - Plot of the buckling and yield loads for Phase 1-8
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Figure 3.16 - Plot of the aycrage axial stress yariation at local buckling of the rib
walls in Phase 1-8
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3.3.1.3 Phase 1-C
Phase l-C modeled the orthotropic bridge deck panel having the angular rib
depth (d') equal to 17 inches and analyzing seven different rib thicknesses (tr). As
stated earlier, all other parameters were held constant. Again, the first two rib
thicknesses were 3/32" and 1/8" (Model 14 and Model 15, respectively). The failure
mode of each model was elastic local bucking, which was consistent with Phase I-A
and Phase I-B. The location of the maximum compressive stress was also consistent
with the earlier phases. For Models 14 and 15 the maximum compressive stress at
initial local bucking was 18 ksi and 27 ksi, respectively.
The next four models (Models 16 through 19) had rib thicknesses 3/16", l/4",
5/16", and 3/8". The failure mode of all four models was inelastic local buckling.
The results from these models were consistent with those obtained in Phase I-A and
Phase I-B. Again, local buckling occurred in the rib walls between the floorbeam
and the loaded end of the beanl (See Figure 3.17). The arrow in Figure 3.17 indicates
this failure location.
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Figure 3.17 - Local buckling of the rib walls (Phase I-C, tr = 1/4")
The final model of Phase I-C (Model 20) had a deck with 1/2" rib thickness.
The results of this model were similar to Model 6 and 13. The failure modes and
locations were consistent in that the system globally yielded and avoided local
buckling. This can be attributed to the fact that the three models had very low rib
wall width to thickness ratios (d' /tr < 38).
In summary, Phase l-C yielded results consistent with Phase I-A and Phase 1-
B. The results from each model of Phase I-C are shO\\;TI below in Table 3.7. A plot
of the buckling and yield loads for the corresponding width to thickness ratios (d'/tr)
is shO\\11 in Figure 3.18. In addition, the variation of average axial stresses at local
buckling for the corresponding width to thickness ratios are plotted in Figure 3.19.
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Figure 3.17 - Local buckling of the rib walls (Phase I-C, tr = 1/4")
The final model of Phase I-C (Model 20) had a deck with 1/2" rib thickness.
The results of this model were similar to Model 6 and 13. The failure modes and
locations were consistent in that the system globally yielded and avoided local
buckling. This can be attributed to the fact that the three models had very low rib
wall width to thickness ratios (d'/tr < 38).
In summary, Phase I-C yielded results consistent with Phase I-A and Phase 1-
B. The results from each model of Phase I-C are shown below (in Table 3.7. A plot
of the buckling and yield loads for the corresponding width to thickness ratios (d'/tr)
is shown in Figure 3.18. In addition, the variation of average axial stresses at local
buckling for the corresponding width to thickness ratios are plotted in Figure 3.19.
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I PHASE 1-C I d' = 17" I
RIB THICKNESS d' Pbuckle PyleldMODEL tr (Jb(avg) FAILURE MODE
r1nl rklpsl rksl1 rklpsl
14 3132" 181.33 306 3 839 elastic local buckling
15 1/8" 136.00 728 7 1021 elastic local buckling
16 3/16" 90.67 1999 18 1899 Inelastic local buckling
17 1/4" 68.00 3125 26 2472 Inelastic local buckling
18 5/16" 54.40 4137 31 2998 Inelastic local buckling
19 3/8" 45.33 5151 36 3545 Inelastic local buckling
20 1/2" 34.00 6556 40 4717 global vleldlng
Table 3.7 - Results of Phase I-C
Axial Load (P) VS, dill,Id' = 17" I
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Figure 3.18 - Plot of the buckling and yield loads for Phase l-C
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Figure 3.19 - Plot of the average axial stress variation at local buckling in the rib
walls for Phase I-e
3.3.2 Phase 2
Phase 2 of the research yielded consistent results. Each part provided a
accurate representation of the local buckling behavior for the deck plate between the
rib members and the variation of stresses in a trapezoidal rib orthotropic bridge deck
system for the applied loading. Therefore, for each model analyzed in Phase 2, the
failure mode, failure location, stresses, l11aximum stress location, etc. were obtained.
In addition, the variation of stresses due to the varying width to thickness ratio (e/t-J)
was observed. The results for each part of Phase 2 are described in the following
three sub-sections (for Phase 2 test matrix See Table 3.2).
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3.3.2.1 Phase 2-A
Phase 2-A modeled the orthotropic bridge deck panel having the rib spacing
(e) equal to 15 inches and analyzing six different deck thicknesses (td). As mentioned
earlier, all other parameters were held constant. The first two models of Phase 2-A,
have the deck thicknesses of 1/8" (Model 21) and 3/16" (Model 22). Similar to Phase
1, it was decided to first analyze the extreme case where elastic local buckling would
most likely occur. Obviously, a 1/8" or 3/16" deck thickness would be impractical
and too slender for vehicular loads.
Figure 3.20 - Local buckling of the deck plate between the ribs (Phase 2-A, 1d =
3/16")
As a result. for these two specific models. clastic local buckling did occur in
the deck section between the rib members (Sec Figure 3.20). It is worth mentioning
that local buckling began on the opposite side of the deck panel from where local
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bucking occurred in the rib walls during Phase 1. Local bucking occurred in the deck
plate between the unloaded end of the panel (or "fixed" end of the panel) and the
floorbeam as shown by the arrow in Figure 3.20. This was expected because all the
results in Phase 1 showed that the highest compressive stresses in the deck plate were
near the fixed end of the panel (See Figure 3.6, Figure 3.8, and Figure 3.11).
Therefore, it was expected that local buckling would be initiated at this location.
Also, under increased loading, local bucking propagated up the deck plate toward the
loaded end of the panel (See Figure 3.21). The direction of local buckling
propagation is indicated by the arrow in Figure 3.21.
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Figure 3.21 - Local buckling propagation in the deck plate (Phase 2-A. 1,] =3116")
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What was also worth mentioning is that after local buckling of the deck plate,
the rib walls began to locally buckle near the fixed end as well (See Figure 3.22).
The arrow in Figure 3.22 displays the location of local buckling. This showed a
significant redistribution of load from the deck plate to the rib members after the
onset oflocal buckling. This was unlike Phase 1where local buckling ofthe rib walls
did not have a significant affect on the deck plate. The redistribution of load was
present, however. The reason the deck plate did not locally buckle was due to a low
width to thickness ratio (e/1d= a/1d=20.8) throughout Phase 1.
1--}
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Figure 3.22 - Local buckling or the rib walls near the fixed end of the system (Phase
2-A, t<J = 3116")
At the onset of local buckling of the deck plate. the ma.ximum comprcssi\'e
stresscs for !'.lodel 21 and Model 22 were 15 ksi and 26 ksi. respcctiYcly (See Figure
82
INTENTIONAL SECOND EXPOSURE
What was also worth mentioning is that after local buckling of the deck plate,
the rib walls began to locally buckle near the fixed end as well (See Figure 3.22).
The arrow in Figure 3.22 displays the location of local buckling. This showed a
significant redistribution of load from the deck plate to the rib members after the
onset of local buckling. This was unlike Phase 1 where local buckling of the rib walls
did not have a significant affect on the deck plate. The redistribution of load was
present, however. The reason the deck plate did not locally buckle was due to a low
width to thickness ratio (e/td= a1td=20.8) throughout Phase 1.
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Figure 3.22 - Local buckling or the rib walls near the fixed end of the system (Phase
2-A, td = 3116")
At the onset of local buckling of the deck plate, the maximum compressive
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stresses for Model 21 and Model 22 were 15 ksi and 26 ksi, respectively (See Figure
3.23). When the deck plate in each model yielded, it initiated near the fixed end of
the panel as well. The yielding occurred in the deck plate between the ribs as was
expected (See Figure 3.24). The arrow in Figure 3.24 indicates the location of initial
yielding in the deck plate.
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Figure 3.23 - Stress contours at initial local buckling of the deck plate between the
ribs (Phase 2-A, 1<1 =3/16")
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Figure 3.24 - Stress contours at initial yielding of the deck plate (Phase 2-:\. 1J =
3116")
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3.23). When the deck plate in each model yielded, it initiated near the fixed end of
the panel as well. The yielding occurred in the deck plate between the ribs as was
expected (See Figure 3.24). The arrow in Figure 3.24 indicates the location of initial
yielding in the deck plate.
C'. I!, ~or. ----.~l
~.N~~, (tr~ct).c'n =. 1 (1.1
t ;, .... ot' '::"1 1 t 1 ~;.,\\ I
.) ~'~.·01 I
:i. ;~.~~::~gi
... :: ~.c_.:::-~" 01
:~ i;~:~::2:} [~"
... 1 77 ~.c ... (11
... 1 ,,; -,'.(I-q)1
+ 1 ]:S' :q-+ (j 1
+8 ~6~,,,, (1C<
+'J 911.=. 0[1
~ 5''':> 7~ ... (1:':1
... :; :.(.. 7~-(I:.
Figure 3.23 - Stress contours at initial local buckling of the deck plate between the
ribs (Phase 2-A, td = 3/16")
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Figure 3.24 - Stress contours at initial yielding of the deck plate (Phase 2-A, td =
3/16")
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The next model of Phase 2-A (Model 23) had a deck thickness of 114". For
this model local buckling in the deck plate between the ribs occurred after yielding of
the system. Yielding was initiated along the bottom section of the rib members
between the floorbeam and the loaded end of the panel, consistent with Phase 1.
However, local buckling ensued soon after (under a slightly higher load) in the same
location as the previous two models (see Figure 3.25). The arrow in Figure 3.25
points to the location of local buckling in the deck plate between the rib members.
Additionally, local buckling of the ribs near the fixed end occurred after local
buckling of the deck plate.
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Figure 3.25 - Local buckling of the deck plate near the fixed end of the system
(Phase 2-A. 1.1 = 1/4")
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The fourth model of Phase 2-A (Model 24) had a deck thickness of 3/8". The
failure mode of this model was inelastic local buckling. Yielding initiated along the
bottom section of the ribs between the floorbeam and loaded end of the panel,
consistent with the previous models (See Figure 3.26). Additionally, after yielding,
local buckling occurred in the rib walls near the loaded end of the panel, similar to
Phase 1. After local buckling of the ribs, local buckling of the deck plate occurred, in
the same location, under a slightly higher load increment (See Figure 3.27). The
failure location of the ribs and the deck plate are shown by the arrows in Figure 3.27.
Figure 3.26 - Stress contours at initial yielding (Phase 2-A. td = 3/8")
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The fourth model of Phase 2-A (Model 24) had a deck thickness of 3/8". The
failure mode of this model was inelastic local buckling. Yielding initiated along the
bottom section of the ribs between the floorbeam and loaded end of the panel,
consistent with the previous models (See Figure 3.26). Additionally, after yielding,
local buckling occurred in the rib walls near the loaded end of the panel, similar to
Phase 1. After local buckling of the ribs, local buckling of the deck plate occurred, in
the same location, under a slightly higher load increment (See Figure 3.27). The
failure location of the ribs and the deck plate are shown by the arrows in Figure 3.27.
Figure 3.26 - Stress contours at initial yielding (Phase 2-A, td = 3/8")
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Figure 3.27 - Local buckling of the rib walls and deck plate (Phase 2-A, td =3/8")
Notice that local buckling of the rib walls preceded local buckling of the deck
in spite of the fact that local buckling of the deck plate occurred first in the previous
three models. The reason for this has to do with the width to thickness ratios of these
particular sections of the orthotropic deck system. For Phase 2-A, the only parameter
that changed was the thickness of the deck plate (td). Therefore the width to thickness
ratios of the rib walls were constant (d'ltr). Since the angular rib depth (d') was equal
to 14" and the rib thickness (tr) was equal to 5116", the d/t r ratio was 44.8 (constant
for all of Phase 2 and 3). Now for Model 24. the rib spacing (e) was equal to IS" and
the deck thickness (ld) was equal to 3/8". This results in a width to thickness ratio
(e/ld) equal to 40.0. As mentioned earlier. a higher width to thickness ratio, under the
same loading and boundary conditions, results in decreased stability and an increased
potential of local buckling. In addition. the comprcssiYe stresses were higher in the
rib members than in the deck plate. Therefore. it is concluded that when the rib walls
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have a higher width to thickness ratio than the deck plate between the rib members,
local buckling will initiate in the rib walls, if local buckling is to occur.
What is also interesting to note is the location of the local buckling of the deck
plate which occurred after local buckling of the rib walls. The fact that the rib walls
buckled near the loaded end of the panel was expected after the result in Phase 1.
However, the deck plate in the previous three models (Model 21, 22, and 23) locally
buckled near the fixed end. Now for Model 24, the deck plate locally buckled
between the floorbeam and the loaded end of the panel (See Figure 3.27). This can be
attributed to the location of local buckling in the rib walls. Therefore, this specific
cross section was weakened, which caused instability in the deck plate. This did not
occur in Phase I because the width to thickness ratio e/to was much lower - constant
value of20.8.
Now it was expected that with increased deck plate thickness, local buckling
would be initiated in the rib walls near the loaded end of the panel and, under
increased load, follow in the deck plate between the ribs if in fact local buckling were
to occur. The final two models of Phase 2-A (Model 25 and 26) tested this premise.
Model 25 and 26 had thicker and more practical deck thicknesses of 112" and
5/8", respectively. It was detemlined that inelastic local buckling of the rib walls did
occur. However, with the increase in deck thickness, local buckling did not take
place in the deck plate. Therefore, the premise made from the results of Model 24
was correct for Models 25 and 26. The locations of yielding and local buckling of the
rib walls were also consistent with Model 24 and the results from Phase 1. Figure
3.28 displays the location of local buckling of the rib walls for Model 26.
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Figure 3.28 - Local buckling of the rib walls (Phase 2-A, 1<1 = 5/8")
In summary, Phase 2-A gave a accurate representation of the local buckling
behavior for a trapezoidal rib orthotropic bridge deck and the corresponding variation
of stresses within the system. The results from each model of Phase 2-A are shown
below in Table 3.8. A plot of the buckling and yield loads for the corresponding
width to thickness ratios (e/lo) is shown in Figure 3.29. In addition, the variation of
average axial stresses at local buckling of the deck plate between the rib members for
the corresponding width to thickness ratios are plotted in Figure 3.30.
An important trend observed in Phase 2-A was that when the width to
thickness ratio of the rib walls (dltr) became greater than the width to thickness ratio
of the deck plate between the ribs (e/lo). local buckling was initiated in the rib walls.
This was explored further in the next two parts of Phase 2.
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IPHASE 2.AI e =15" I
DECK e
Pbucl<lo PyltldMODEL THICKNESS t" O'b(IVllI FAILURE MODE
r1nl £klps) £ksl) £klps)
21 1/8· 120.00 765 11 1837 e/asUc 10caibuckUng of deck
22 3/16· 80.00 1754 23 1966 elasUc local buckUng of deck then rib waUs
23 1/4· 60.00 2873 33 2570 InelasUc local buckUng of deck then rib waUs
24 3/8· 40.00 3785 36 2594 InelasUc local buckUng of ribs then deck
25 1/2· 30.00 3882 32 2506 InelasUc local buckUng of rib waUs
26 5/8· 24.00 3912 28 2495 InelasUc local buckUna of rib waUs
Table 3.8 - Results of Phase 2-A
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Figure 3.29 - Plot of the buckling and yield loads for Phase 2-A
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Figure 3.30 - Plot of the average axial stress variation at local buckling of the deck
plate between the rib members in Phase 2-A
3.3.2.2 Phase 2-B
Phase 2-8 modeled the orthotropic bridge deck panel having the rib spacing
(e) equal to 17 inches and analyzing six different deck thicknesses (!d). As stated
earlier, all other parameters were held constant. The analysis procedure was
analogous to Phase 2-A.
The first three models of Phase 2-8, had deck thicknesses of lI8", 3/16", and
1/4" (Models 27, 28, and 29, respectively). Each of the three models failed due to
clastic local buckling of the deck plate ncar the fixed end of the panel and propagated
toward the load (Sec Figure 3.31). The arrow in Figure 3.31 displays the direction of
local buckling propagation. This was then followed by local buckling of the rib walls
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near the fixed end of the panel. All of the results were consistent with the results
obtained in Phase 2-A.
Sun Oct 10 11:27 :2!> [[]I' 2004
Figure 3.31 - Local buckling of the deck plate between the ribs (Phase 2-B, 1<1 =
3/16")
At the onset of local buckling in the deck plate between the rib members, the
maximum compressive stresses for Models 27, 28, and 29 were 10 ksi, 21 ksi, and 31
ksi, respectively. Yielding in the deck plate in each model occurred near the fixed
end of the panel in the deck plate between the ribs (See Figure 3.32). This was also
consistent with Phase 2-A.
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Figure 3.32 - Stress contours at yielding of the deck plate (Phase 2-B, td = 3/16")
The next model of Phase 2-B (Model 30) had a deck thickness of 3/8". In this
model, the failure mode was inelastic local buckling. However, what was interesting
about the failure mode was that local buckling occurred in the rib walls and the deck
plate nearly simultaneous (See Figure 3.33). The arrows in Figure 3.33 points to the
locations of local buckling. In addition. the location of failure was between the
floorbeam and the loaded end of the panel. These results were similar to Model 24 of
Phase 2-A (Sec Figure 3.27), except that for Model 30 the width to thickness ratio d/t r
and e/td were approximately equal. The width to thickness ratio of the rib walls (d/tr)
were equal to 44.8 (as mentioned earlier) and the width to thickness ratio of the deck
plated between the ribs were equal to 45.3. Therefore. local buckling occurred in
both sections at approximately the same loading.
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Figure 3.32 - Stress contours at yielding of the deck plate (Phase 2-B, td = 3/16")
The next model of Phase 2-B (Model 30) had a deck thickness of 3/8". In this
model, the failure mode was inelastic local buckling. However, what was interesting
about the failure mode was that local buckling occurred in the rib walls and the deck
plate nearly simultaneous (See Figure 3.33). The arrows in Figure 3.33 points to the
locations of local buckling. In addition, the location of failure was between the
flom'beam and the loaded end of the panel. These results were similar to Model 24 of
Phase 2-A (See Figure 3.27), except that for Model 30 the width to thickness ratio d/tr
and e/td were approximately equal. The width to thickness ratio of the rib walls (d/tr)
were equal to 44.8 (as mentioned earlier) and the width to thickness ratio of the deck
plated between the ribs were equal to 45.3. Therefore, local buckling occurred in
both sections at approximately the same loading.
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Figure 3.33 - Local buckling of the deck plate and the rib walls (Phase 2-B, td =
3/8")
Analyzing the deflected shapes and stress contours from initial local buckling
until right before collapse would suggest that the local buckling of the rib walls was
more dominant than the local buckling in the deck plate between the ribs. This was
despite the fact that the deck plate between the ribs had a slightly greater width to
thickness ratio than the ribs walls. The failure location of Model 30 was similar to
that of Models 24, 25, and 26 in Phase 2-A. For these three models inelastic local
buckling of the rib walls was the mode of failure. The reason that local buckling was
dominant in the rib walls was due to the fact that the compressive stresses were
greater in this location. Therefore. when the width to thickness ratios were
approximately equal in magnitude. the section of the orthotropic deck system with the
higher compressive stresses appeared to be the controlling section for failure of the
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system. It is restated that this research was focused on the initiation of local buckling
and not on the mechanisms or collapse load of the system. For more infonnation
regarding ultimate strength of trapezoidal ribs in orthotropic deck systems see len
[2005].
The last two models of Phase 2-B (Model 31 and 32) had a deck plate
thickness of II2" and 5/8", respectively. The width to thickness ratio for these two
specific models were lower than the previous model (Model 30). Therefore, it would
be expected, from the conclusion of Phase 2-A, that inelastic local buckling would
occur in the rib walls. This was in fact the case for these two models. Local buckling
occurred in the rib walls between the floorbeam and the loaded end of the panel. The
results were similar to those of Model 25 and 26 of Phase 2-A.
In summary, the results from Phase 2-B increased the understanding of local
buckling behavior for a trapezoidal rib orthotropic bridge deck and the corresponding
variation of stresses within the system. The results from each model of Phase 2-B are
shown below in Table 3.9. A plot of the buckling and yield loads for the
corresponding width to thickness ratios (e/4l) is shown in Figure 3.34. In addition, the
variation of average axial stresses at local buckling of the deck plate between the rib
members for the corresponding width to thickness ratios are plotted in Figure 3.35.
94
IPHASE 2-81 e =17"1
DECK e P bucklt PyltldMODEL THICKNESS t.l ab(lvQ) FAILURE MODE
(In] [kips) rksl1 rklps)
27 1/8" 136.00 615 9 I(did not yield elastIc local buckling of deck
28 3/16" 90.67 1418 18 2101 elastIc local buckling of deck then rIb walls
29 1/4" 68.00 2410 27 2587 elastIc local buckling of deck then rib walls
30 3/8" 45.33 3873 36 2415 Inelastic local buckling of deck and rIb walls
31 1/2" 34.00 3898 31 2506 Inelastic local buckling of rIbs
32 5/8" 27.20 3949 27 2501 Inelastic local buckllna of rIbs
Table 3.9 - Results of Phase 2-B
Ie = 17"1 Axial Load (P) V5. e/~
4500 -.--------~----------------,
4000 I---'=::=+=~-----------I
3500 -f-----~___'._----------____i
3000 1------""-'T--------------I~ 2500 -+------.l.--.l.-====---~="\~o__--------____j~ 2000 1-------.----------'~~....__----"-----------1
1500 -t---------""'---'T-------____i
1000 -f-----------~-~,_______--_1
500 +------------~----'-______i
0-+--------,.---------.----------1
--Pbuckle
--- Pyield
o 50
ell.!
100 150
Figure 3.34 - Plot of the buckling and yield loads for Phase 2-B
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Figure 3.35 - Plot of the average axial stress variation at local buckling of the deck
plate between the rib members in Phase 2-B
The results from Phase 2-B reinforced the main conclusions that were drawn
in Phase 2-A. The sections with the greater width to thickness ratio did initiate local
buckling first. What was encountered in Phase 2-B was the case where the width to
thickness ratio of the rib walls (dltr) and deck plate between the ribs (e/~) were nearly
equal causing concurrent local buckling (Model 30). When the width to thickness
ratios of the rib walls and the deck plate between the ribs were approximately equal,
the rib walls controlled (more severe local buckling) due to higher compressive
stresses. Note that these conclusions are for the specified loading and boundary
conditions studied in this research.
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3.3.2.3 Phase 2-C
Phase 2-C modeled the orthotropic bridge deck panel having the rib spacing
(e) equal to 19 inches and analyzing six different deck thicknesses (41). As stated
earlier, all other parameters were held constant. The analysis procedure was similar
to Phases 2-A and 2-B.
The first three models of Phase 2-C, had deck plate thicknesses of 1/8",3/16",
and 1/4" (Models 33, 34, and 35, respectively). Each model failed due to elastic local
buckling of the deck plate near the fixed end of the panel and propagated toward the
load (See Figure 3.36). The arrow in Figure 3.36 displays the direction of local
buckling propagation. Local buckling of the rib walls near the fixed end of the panel
ensued. As expected, the occurrence of local buckling of the deck plate between the
ribs occurred before the local buckling of the rib walls. This was due to the fact that
e/41 was much greater than d'ltr for all three models. Therefore, all of the results were
consistent with the results found during Phase 2-A and 2-B.
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Figure 3.36 - Local buckling propagation of the deck plate between the ribs (Phase
2-C, td = 1/8")
At the onset of local buckling in the deck plate between the rib members, the
maximum compressive stresses for Models 33, 34, and 35 were 8 ksi, 17 ksi, and 25
ksi, respectively. When the deck plate in each model yielded, it occurred near the
fixed end of the panel in the deck plate between the ribs. It is worth noting the
correlation between the rib spacing (e) and the stresses at initial local bucking in the
deck plate. When the rib spacing was increased, the stresses in the deck plate which
initiate local buckling decreased. This follows from the conclusions dra\vll earlier.
That is if the rib spacing was increased. the width to thickness ratio (e/1d) was
increased. which led to further instability in the section. Therefore. a smaller
compressiye force was required to locally buckle the member.
TIle next model of Phase 2-C (Model 36) had a deck thickness of 3/8". TIle
failure mode of this model was inelastic local buckling of the deck plate and the rib
walls. Local buckling was initiated near the fixed end of the panel (See Figure 3.37).
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The arrow in Figure 3.37 points to the location of local buckling. Then, the rib walls
locally buckled between the floorbeam and the loaded end of the panel (See Figure
3.38). The arrow in Figure 3.38 indicates this location. This failure was interesting
because the width to thickness ratio of the rib walls (d/tr) was less than the width to
thickness ratio of the deck plate between the ribs (e/1d). However, this difference was
relatively small. The initial local buckling did occur in the deck plate between the
ribs as would be expected. Nevertheless, the local buckling of the rib walls was more
severe and would be considered the critical section for failure of the system. This
situation is similar to Model 30 in Phase 2-8. The same reasoning was used for
Model 36. The higher compressive stresses in the rib walls allowed for dominant
local buckling in the rib members than in the deck plate. Again it is stated that this
research was focused on the initiation of local buckling and not on the mechanisms or
collapse load of the system. For more information regarding ultimate strength of
trapezoidal ribs in orthotropic deck systems see Jen [2005].
Figure 3.37 - Local buckling of the deck plate between the ribs (Phase 2-C. tJ =3/8")
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Figure 3.38 - Local buckling of the rib walls (Phase 2-C, td = 3/8")
The final two models of Phase 2-C (Model 37 and 38) had the deck thickness
of 1/2" and 5/8", respectively. The failure mode of these models was inelastic local
buckling of the rib walls near the loaded end of the panel (See Figure 3.39). The
-
arrow in Figure 3.39 indicates this location. In addition, local buckling of the deck
plate between the ribs ensued under increased loading for Model 37. The deck plate
did not locally buckle under increased loading for Model 38 due to a very low width
to thickness ratio e/1d. The results were consistent with all of the previous analyses.
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Figure 3.39 - Local buckling of the rib walls (Phase 2-C, 4l = 112")
In summary, Phase 2-C further added to the understanding of the local
buckling behavior for a trapezoidal rib orthotropic bridge deck and the corresponding
variation of stresses within the system. The results from each model of Phase 2-C are
shown below In Table 3.10. A plot of the buckling and yield loads for the
corresponding width to thickness ratios (e/41) is shown in Figure 3.40. In addition, the
variation of average axial stresses at local buckling of the deck plate between the rib
members for the corresponding width to thickness ratios are plotted in Figure 3.41.
The results from Phase 2-C reinforced the main conclusions that were drawn
In Phase 2-A and 2-8. That is, the sections with the greater width to thickness ratio
did initiate local buckling first. However, when the width to thickness ratio of the rib
walls (dltr) and deck plate between the ribs (e/tJ) are close In magnitude, local
buckling of the rib walls is more dominant. This was due to the higher compressi\"e
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stresses in the ribs than in the deck plate. Note that these conclusions are for the
specified loading and boundary conditions studied in this research.
IPHASE 2-C I e =19" I
DECK e P bUCklo PyilidMODEL THICKNESS t.s ab(lvg) FAILURE MODE
[lnl [klpsl [ksll [klpsl
33 1/8" 152.00 501 7 ICdid not yield\ elastIc local buckling of deck
34 3/16" 101.33 1145 14 ICdid not yield elastIc local buckling of deck then rIb walls
35 1/4" 76.00 2009 22 2472 elastIc local buckling of deck then rib walls
36 3/8" 50.67 3758 34 2506 Inelastic local buckllna of deck and rib walls
37 112" 38.00 3888 30 2538 Inelastic local buckllna of ribs walls then deck
38 5/8" 30.40 3953 26 2527 Inelastic local buckllna of rib walls
Table 3.10 - Results ofPhase 2-C
Ie =19"1 Axial Load (P) vs. e/~
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Figure 3.40 - Plot of the buckling and yield loads for Phase 2-C
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Figure 3.41 - Plot of the average axial stress variation at local buckling of the deck
plate between the rib members in Phase 2-C
3.3.3 Phase 3
All three parts of Phase 3 yielded consistent results with Phases I and 2. Each
part gave a good representation of the local buckling behavior for the deck plate
above the rib members and the variation of stresses in a trapezoidal rib orthotropic
bridge deck system for the applied loading. Therefore, for each model analyzed in
Phase 3, the failure mode, failure location, stresses, maximum stresses location, etc.
were obtained. In addition, the variation of stresses due to the varying width to
thickness ratio (e/tJ) was observed.
Phase 3 was conducted independently of the results obtained in Phase 2.
However. after the analysis was completed. the results between Phase 2 and Phase 3
were nearly identical. Therefore. the results of Phase 3 helped reinforce the
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conclusions drawn in Phase 2. The results for each part of Phase 3 are described in
the following three sub-sections (for the Phase 3 test matrix see Table 3.3).
3.3.3.1 Phase 3-A
Phase 3-A modeled the orthotropic bridge deck panel having the deck section
above the ribs (a) equal to 15 inches and analyzing six different deck thicknesses (~).
As stated earlier, all other parameters were held constant. The first two models of
Phase 3-A, had the deck thicknesses of 1/8" (Model 39) and 3/16" (Model 40). It was
desired to first analyze the deck thicknesses that would most likely initiate locally
buckle before the onset of yielding. This was the same process as the earlier phases.
As a result, for these two specific models, elastic local buckling did occur in
the deck section above the ribs (See Figure 3.42). Local buckling occurred between
the fixed end of the panel and the floorbeam. The arrow in Figure 3.42 displays this
location. In addition, under increased loading, local bucking propagated up the deck
plate toward the loaded end of the panel (See Figure 3.43). In Figure 3.43 the arrow
indicates the direction of local buckling propagation. This was consistent with the
models in Phase 2.
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Figure 3.42 - Local buckling of the deck plate above the ribs (Phase 3-A, td =3/16")
Deformed V.. r: U Deform4tion Se..1. r..etor: +J.OOO.'Ol
Figure 3.43 - Local buckling propagation in the deck plate above the ribs (Phase 3-
A. t.I =3116")
After local buckling in the deck plate above the ribs. the rib walls began to
locally buckle ncar the fixed end as well (See Figure 3.44). TIle arrow in Figure 3.44
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Figure 3.42 - Local buckling of the deck plate above the ribs (Phase 3-A, td = 3/16")
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Figure 3.43 - Local buckling propagation in the deck plate above the ribs (Phase 3-
A, td = 3/16")
After local buckling in the deck plate above the ribs, the rib walls began to
locally buckle near the fixed end as well (See Figure 3.44). The arrow in Figure 3.44
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points to this location. This showed a significant redistribution of load from the deck
plate to the ribs after the onset of local buckling. This was also consistent with the
results determined in Phase 2.
OOB: d1~tdJ16.odb ABAQUS/Stdnddrd 6.4-1
St~: St~-l
Inc:rllmllnt 81: St~Tim.= O.6J90
O.£onn.d VAr: U O.£onndticn SC:Al. FAc:tor: +J.OOO.+01
Figure 3.44 - Local buckling of the rib walls near the fixed end of the system (Phase
3-A, td =3/16")
At the onset of local buckling in the deck plate, the maximum compressive
stresses for Models 39 and 40 were 11.5 ksi and 24 ksi, respectively (See Figure
3.45). Yielding in the deck plate was initiated ncar the fixed end of the panel above
the rib members (Sec Figure 3.46).
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points to this location. This showed a significant redistribution of load from the deck
plate to the ribs after the onset of local buckling. This was also consistent with the
results determined in Phase 2.
OD6, d15td316.odb ABAQUS/Stdnddrd 6.4-1
Step, Step-1
Increment 81, Step Time = 0.6390
Deformed V~r: U Deforrndtian SCdle Fdctor: +1.000e+Ol
Figure 3.44 - Local buckling of the rib walls near the fixed end of the system (Phase
3-A, td = 3/16")
At the onset of local buckling in the deck plate, the maximum compressive
stresses for Models 39 and 40 were 11.5 ksi and 24 ksi, respectively (See Figure
3.45). Yielding in the deck plate was initiated near the fixed end of the panel above
the rib members (See Figure 3.46).
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Figure 3.45 - Stress contours at local buckling of the deck plate (Phase 3-A, td =
3/16")
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Figure 3.46 - Stress contours at initial yielding of the deck plate (Phase 3-A. td =
3116")
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Figure 3.45 - Stress contours at local buckling of the deck plate (Phase 3-A, td =
3/16")
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Figure 3.46 - Stress 'contours at initial yielding of the deck plate (Phase 3-A, td =
3/16")
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The next model of Phase 3-A (Model 41) had a deck thickness of 1/4". For
this model local buckling in the deck plate above the ribs occurred after yielding of
the system. Yielding occurred along the bottom section of the ribs between the
floorbeam and the loaded end of the panel, consistent with Phase 1 and 2. Then, local
buckling ensued soon after in the same location as the previous two models.
Additionally, local buckling of the ribs near the fixed end occurred after local
buckling of the deck plate. These results support the conclusions drawn from the first
two phases.
The fourth model of Phase 3-A (Model 42) had a deck thickness of 3/8". The
failure mode of this model was inelastic local buckling. Yielding initiated along the
bottom section of the ribs between the floorbeam and loaded end of the panel,
consistent with the previous models. After yielding, local buckling initiated in the rib
walls near the loaded end of the panel. Immediately after local buckling of the ribs,
local buckling of the deck plate occurred in the same location (See Figure 3.47). The
arrows in Figure 3.47 points to these locations. The results were very similar to those
of Model 24 in Phase 2-A.
lOS
Oetormed Vdr: U Detonnation sCdle rdctor: +2.000.+01
Figure 3.47 - Local buckling of the rib walls and deck plate (Phase 3-A, t<J =3/8")
Notice that local buckling of the rib walls preceded local buckling of the deck
in spite of the fact that local buckling of the deck plate occurred first in the previous
three models. This behavior depends on the width to thickness ratios of these specific
sections of the orthotropic deck system. For Phase 3-A, the only parameter that
changed was the thickness of the deck plate (t<J). TIlerefore, the width to thickness
ratios of the rib walls (d'lt r) were a constant value of 44.8. Now for Model 42, the
width to thickness ratio (alt<J) was equal to 40.0. As mentioned earlier, a higher width
to thickness ratio, under the same loading and boundary conditions, results in less
stability and a higher potential of local buckling. In addition, the compressive
stresses were higher in the rib members than in the dcck plate. TIlerefore, similar to
thc prcYious analyses. it can be concluded that when the rib walls had a higher \\idth
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to thickness ratio than the deck plate above the ribs, local buckling would initiate in
the rib walls.
It was again expected that with increased deck plate thickness, local buckling
would be initiated in the rib walls near the loaded end of the panel. However, the
results of Phase 2-A indicated that the deck plate would not locally buckle after the
rib walls for a deck thickness greater than or equal to 112". The final two models of
Phase 3-A (Model 43 and 44) examined this premise.
Model 43 and 44 had the deck thicknesses of 112" and 5/8", respectively. It
was found that inelastic local buckling of the rib walls did occur. In addition, with
the increase in deck thickness, local buckling did not ensue in the deck plate. The
locations of yielding and local buckling of the rib walls were consistent with previous
results.
In summary, Phase 3-A added information on the behavior of local buckling
for a trapezoidal rib orthotropic bridge deck and the corresponding variation of
stresses within the system. The results from each model of Phase 3-A are shown
below in Table 3.11. A plot of the buckling and yield loads for the corresponding
width to thickness ratios (a/1d) is shown in Figure 3.48. In addition, the variation of
average axial stresses at local buckling of the deck plate above the rib members for
the corresponding width to thickness ratios are plotted in Figure 3.49.
An important trend observed in Phase 3-A was that when the width to
thickness ratio of the of the deck plate above the ribs (a/tJ) became smaller than the
width to thickness ratio rib walls (dJtr), local buckling was initiated in the rib walls.
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This was analogous to the conclusion drawn in Phase 2-A and was again explored
further in the next two parts ofPhase 3.
I PHASE 3·AI a =15" I
DECK a
Pbucl<lt PyloldMODEL THICKNESS t.t (Jb(lvg) FAILURE MODE
flnl rklDSl rksl1 rklDsl
39 118" 120.00 722 10 1990 elastic local buckling of deck then rib walls
40 3116" 80.00 1687 22 2213 elastic local buckling of deck then rib walls
41 1/4" 60.00 2849 33 2637 Inelastic local buckling of deck then rib walls
42 3/8" 40.00 3686 35 2646 Inelastic local buckling of rib walls and deck
43 112" 30.00 3742 31 2547 Inelastic local buckling of rib walls
44 5/8" 24.00 3742 27 2552 Inelastic local buckling of rIb walls
Table 3.11 - Result of Phase 3-A
Ia =15" I Axial Load (P) V5. a/td
-+- Pbuckle
-- Pyield
o 50
a/iJ
100 150
Figure 3,48 - Plot of the buckling and yield load for Phase 3-A
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Figure 3.49 - Plot of the average stress variation at local buckling of the deck plate
above the rib members in Phase 3-A
3.3.3.2 Phase 3-8
Phase 3-B modeled the orthotropic bridge deck panel having the deck section
above the ribs (a) equal to 17 inches and analyzing six different deck thicknesses (41).
As stated earlier, all other parameters were held constant. The first three models of
Phase 3-8, had the deck thicknesses of 1/8" (Model 45), 3/16" (Model 46), and 1/4"
(Model 47). The analysis procedure was similar to Phase 3-A.
The first three models of Phase 3-8 failed due to clastic local buckling of the
deck plate ncar the fixed end of the panel and propagated toward the load (Sec Figure
3.50). The arrow in Figure 3.50 indicates the direction of local buckling propagation.
This was then followed by local buckling of the rib walls ncar the fixed end of the
panel. At the onset of local buckling in the deck plate between the ribs the maximum
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compressive stresses for Models 45, 46, and 47 were 9 ksi, 20 ksi, and 27.5 ksi,
respectively. When the deck plate in each model yielded, it occurred near the fixed
end of the panel in the deck plate above the ribs (See Figure 3.51). All of the results
were consistent with the results of previous models.
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Figure 3.50 - Local buckling of the deck plate above the ribs (Phase 3-B, td = 1/4")
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Figure 3.51 - Stress contours at initial yielding of the deck plate (td = 1/4")
The next model of Phase 3-B (Model 48) had the deck thickness of 3/8". For
this specific model the failure mode was inelastic local buckling. Similar to Model
30 of Phase 2-B, local buckling occurred in the rib walls and the deck plate nearly
simultaneous (See Figure 3.52). The arrows in Figure 3.52 display these locations.
As explained earlier, this was due to the fact that the width to thickness ratio of the rib
walls (d/tr) was nearly equal to the width to thickness ratio of the deck plated above
the ribs (a/td). In addition, the location of failure was between the floorbeam and the
loaded end of the panel. Therefore. the results were consistent with the preceding
analyses.
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Figure 3.51 - Stress contours at initial yielding of the deck plate (td = 114")
The next model of Phase 3-B (Model 48) had the deck thickness of 3/8". For
this specific model the failure mode was inelastic local buckling. Similar to Model
30 of Phase 2-B, local buckling occurred in the rib walls and the deck plate nearly
simultaneous (See Figure 3.52). The anows in Figure 3.52 display these locations.
As explained earlier, this was due to the fact that the width to thickness ratio of the rib
walls (d/tr) was nearly equal to the width to thickness ratio of the deck plated above
the ribs (a/td). In addition, the location of failure was between the floorbeam and the
loaded end of the panel. Therefore, the results were consistent with the preceding
analyses.
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Figure 3.52 - Local buckling of the rib walls and deck plate (Phase 3-B, td = 3/8")
Analyzing the deflected shapes and stress contours from initial local buckling
before collapse suggests the same conclusions that were drawn from Model 30 of
Phase 2-B; that the local buckling of the rib walls was more severe than the local
buckling in the deck plate between the ribs. The local buckling was dominant in the
rib walls due to the fact that the compressive stresses were greater in this location.
Therefore, when the width to thickness ratios were close in magnitude, the section of
the orthotropic deck system having the higher compressive stresses was the
controlling section for failure.
The final two models of Phase 3-B (Model 49 and 50) had a deck plate
thickncss of 1/2" and 5/8". respectively, The width to thickness ratios for these two
specific models were lowcr than the previous model. lllereforc. it would be
expectcd. from thc prcvious conclusions. that inclastic local buckling would occur in
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Figure 3.52 - Local buckling of the rib walls and deck plate (Phase 3-B, td = 3/8")
Analyzing the deflected shapes and stress contours from initial local buckling
before collapse suggests the same conclusions that were drawn from Model 30 of
Phase 2-B; that the local buckling of the rib walls was more severe than the local
buckling in the deck plate between the ribs. The local buckling was dominant in the
rib walls due to the fact that the compressive stresses were greater in this location.
Therefore, when the width to thickness ratios were close in magnitude, the section of
the orthotropic deck system having the higher compressive stresses was the
controlling section for failure.
The final two models of Phase 3-B (Model 49 and 50) had a deck plate
thickness of 1/2" and 5/8", respectively. The width to thickness ratios for these two
specific models were lower than the previous model. Therefore, it would be
expected, from the previous conclusions, that inelastic local buckling would occur in
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the rib walls. This was in fact the case for these two models (See Figure 3.53). Local
buckling occurred in the rib walls between the floorbeam and the loaded end of the
panel. The arrow in Figure 3.53 points to this location.
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Figure 3.53 - Local buckling of the rib walls (Phase 3-B, 41 = 5/8")
In summary, Phase 3-B added to the understanding of the local buckling
behavior for a trapezoidal rib orthotropic bridge deck and the corresponding variation
of stresses within the system. The results from each model of Phase 3-B are shown
below in Table 3.12. A plot of the buckling and yield loads for the corresponding
width to thickness ratios (a/41) is shown in Figure 3.54. In addition. the variation of
average axial stresses at local buckling of the deck plate above the rib members for
the corresponding \\idth to thickness ratios are plotted in Figure 3.55.
Phase 3-B reinforced the main conclusions that were dr3\\11 earlier. 111at is.
the sections \\;th the greater width to thickness ratio did initiate local buckling first.
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In addition, when the width to thickness ratio of the rib walls (d/tr) and deck plate
above the ribs (a/1d) were approximately equal, concurrent local buckling resulted
(Model 48). When the width to thickness ratios of the rib walls and the deck plate
above the ribs were approximately equal, the rib walls controlled (more severe local
buckling) due to higher compressive stresses. Note that these conclusions pertain to
the specified loading and boundary conditions studied in this research.
/PHASE 3·BI a -17" I
DECK a Pbucl<1o PyleldMODEL THICKNESS t.s °bj'YllI FAILURE MODE
fInl rklDSl rksll rklDSl
45 1/8" 136.00 591 8 (did not vield emsUclocalbuckllnqofdeck
46 3116" 90.67 1374 17 2278 elastIc local buckllnQ of deck then rib walls
47 114" 68.00 2303 26 2658 elasUc local buckllnQ of deck then rib walls
48 3/8" 45.33 3736 35 2688 Inelastic local buckllnQ of deck and rib walls
49 1/2" 34.00 3791 30 2580 Inelastic local buckllnQ of ribs
50 5/8" 27.20 3817 26 2567 Inelastic local buckllnQ of ribs
Table 3.12 - Results of Phase 3-B
la =17"1 Axial Load (P) V5. a/td
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Figure 3.54 - Plot of the buckling and )ield loads for Phase 3-B
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Figure 3.55 - Plot of the average axial stress at local buckling of the deck plate above
the rib members in Phase 3-B
3.3.3.3 Phase 3-C
Phase 3-C modeled the orthotropic bridge deck panel having the deck section
above the ribs (a) equal to 19 inches and analyzing six different deck thicknesses (41).
As stated earlier, all other parameters were held constant. The first three models of
Phase 3-C, had the deck thicknesses of 1/8" (Model 51), 3116" (Model 52), and 1/4"
(Model 53). The analysis procedure was similar to Phase 3-A and 3-B.
The first three models of Phase 3-C failed due to clastic local buckling of the
deck plate near the fixed end of the panel and propagated toward the load (See Figure
3.56). The arrow in Figure 3.56 indicates the direction of local buckling propagation
11 S
within the deck plate. Local buckling of the rib walls near the fixed end of the panel
ensued. This was consistent with the previous analyses.
Tu.o.c 21 19:02:39 EST 2004
Figure 3.56 - Local buckling of the deck plate above the ribs (Phase 3-C, td =3/16")
At the onset of local buckling in the deck plate between the ribs the maximum
compressive stresses for Models 51, 52, and 53 were 7.5 ksi, 15 ksi, and 23.5 ksi,
respectively. When the deck plate in each model yielded, it occurred near the fixed
end of the panel in the deck plate between the ribs (See Figure 3.57). These results
were also consistent with those of the previous models.
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within the deck plate. Local buckling of the rib walls near the fixed end of the panel
ensued. This was consistent with the previous analyses.
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Figure 3.56 - Local buckling of the deck plate above the ribs (Phase 3-C, td = 3/16")
At the onset of local buckling in the deck plate between the ribs the maximum
compressive stresses for Models 51, 52, and 53 were 7.5 ksi, 15 ksi, and 23.5 ksi,
respectively. When the deck plate in each model yielded, it occurred near the fixed
end of the panel in the deck plate between the ribs (See Figure 3.57). These results
were also consistent with those of the previous models.
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Figure 3.57 - Stress contours at initial yielding of the deck plate (Phase 3-C, td =
3/16")
The next model of Phase 3-C (Model 54) had the deck thickness of 3/8". The
failure mode of this model was inelastic local buckling of the deck plate and the rib
walls. The deck plate appeared to initiate local buckling near the fixed end of the
panel. Then, the rib walls locally buckled between the floorbeanl and the loaded end
of the panel. The occurrence of local buckling in the deck plate and the rib walls was
nearly concurrent. This result was very similar to Model 36 of Phase 2-C. Therefore,
the same conclusions could be drm\11 (See Section 3.3.2.3).
The final two models of Phase 3-C (Model 55 and 56) had the deck thickness
of 1/2" and 5/8". respectively. The failure mode of these models was inelastic local
buckling of the rib walls ncar the loaded end of the panel (See Figure 3.58). TIle
arrow in Figure 3.58 displays this location. In addition. minor local buckling of the
deck plate above the ribs ensued under increased loading for ~lodcl 55. TIle deck
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Figure 3.57 - Stress contours at initial yielding of the deck plate (Phase 3-C, td =
3/16")
The next model of Phase 3-C (Model 54) had the deck thickness of 3/8". The
failure mode of this model was inelastic local buckling of the deck plate and the rib
walls. The deck plate appeared to initiate local buckling near the fixed end of the
panel. Then, the rib walls locally buckled between the floorbeam and the loaded end
of the panel. The occurrence of local buckling in the deck plate and the rib walls was
nearly concurrent. This result was very similar to Model 36 of Phase 2-C. Therefore,
the same conclusions could be drawn (See Section 3.3.2.3).
The final two models of Phase 3-C (Model 55 and 56) had the deck thickness
of 1/2" and 5/8", respectively. The failure mode of these models was inelastic local
buckling of the rib walls near the loaded end of the panel (See Figure 3.58). The
arrow in Figure 3.58 displays this location. In addition, minor local buckling of the
deck plate above the ribs ensued under increased loading for Model 55. The deck·
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plate did not locally buckle under increased loading for Model 56 due to a very low
width to thickness ratio aJ1d. The results were consistent with all of the previous
analyses.
Figure 3.58 - Local buckling of the rib walls (Phase 3-C, td = 112")
In summary, Phase 3-C further added to the understanding of the local
buckling behavior for a trapezoidal rib orthotropic bridge deck and the corresponding
variation of stresses within the system. The results from each model of Phase 3-C are
ShO\\11 below in Table 3.13. A plot of the buckling and yield loads for the
corresponding width to thickness ratios (a/1d) is ShO\\11 in Figure 3.59. In addition. the
variation of average a:xial stresses at local buckling of the deck plate above the rib
members for the corresponding \\idth to thickness ratios are plotted in Figure 3.60.
Phase 3-C reinforced the conclusions that were dra\\ll in the previous sections.
121
IPHASE 3 CI a - 19" I.
-
DECK a Pbucklo PyloidMODEL THICKNESS t.t (fbl"VIII FAILURE MODE
r1nl rklosl rksl1 rklosl
51 1/8" 152.00 483 7 (did not yield e~stlclocalbuckllngofdeck
52 3116" 101.33 1134 14 2268 elastic local buckling of deck then rib walls
53 1/4" 76.00 1935 21 2627 elastic local buckling of deck then rib walls
54 3/8" 50.67 3715 33 2678 Inelastic local buckling of deck and rib walls
55 1/2" 38.00 3780 29 2646 Inelastic local buckling of ribs walls then deck
56 5/8" 30.40 3602 25 2673 Inelastic local buckling of rib walls
Table 3.13 - Results of Phase 3-C
la =19"1 Axial Load (P) V5. altd
4000 ~-_ .._- - --_._----- - --._-- -----
......
3500 "\\3000 \
~ 2500 -.-
----\ -- Pbucklec.~ 2000 ~ -- Pyield.....a. 1500 ~1000 ~ I500
0
0 50 100 150 200
a/~
Figure 3.59 - Plot of the buckling and yield loads for Phase 3-C
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Figure 3.60 - Plot of the average axial stress variation at local buckling of the deck
plate above the rib members in Phase 3-C
3.3.4 Phase 4
Phase 4 of the research produced an accurate representation of the local
buckling behavior of the rib walls and deck plate of a trapezoidal rib orthotropic
bridge deck and the corresponding variation of stresses within the system for the
applied loading. For each model analyzed in Phase 4, the failure mode, failure
location, stresses, etc. were obtained. In addition, the variation of stresses due to
varied rib wall and deck plate thickness \vas observed.
The fourth phase of the research analyzed the bridge deck under unifonn
compression (See Section 2.4). The axial load resultant coincided with the centroid
so no induced bending moment was applied to the models. The results of each part of
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Phase 4 are described in the following sub-subsections (for the Phase 4 test matrix see
Table 3.4).
3.3.4.1 Phase 4-A
Phase 4-A modeled the orthotropic bridge deck panel with seven different rib
thickness (tr). As stated earlier, all other parameters were held constant for Phase 4.
The first two rib wall thicknesses analyzed were 3/16" and 7/32" (Models 57 and 58).
These are impractical dimensions for compression members in bridge structures since
the minimum thickness for a steel plate member according to AASHTO is 1/4".
However, similar to the earlier phases, these analyses were performed to observe the
extreme circumstance where elastic local buckling would most likely occur as the
mode of failure.
As a result, local buckling did occur before the onset of yielding in both
models (elastic local buckling). Local buckling occurred in the rib walls at the mid-
span of the models (See Figure 3.61). The arrow in Figure 3.61 points to this
location.
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Figure 3.61 - Elastic local buckling of the rib walls (Phase 4-A, tr = 3/16")
Since the axial load was applied through the centroid, the stress distribution
within each cross section of the bridge deck before local buckling was that of unifonn
compression. TI1e compressive stresses throughout the cross section of the bridge
deck at local buckling for Models 57 and 58 were 37.5 ksi and 49.5 ksi, respectively.
After the onset of local buckling, the stress distributions in the rib walls
changed significantly (See Figure 3.62). However, the variation in stresses within the
deck plate did not vary considerably (See Figure 3.63).
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Increment 76: Step Time: 0.7403
Prim4ry V4r: S. Hises
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006: d14tr316mod.odh
Figure 3.62 - Stress contours after local buckling (Phase 4-A, tr = 3/16")
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Figure 3.63 - Stress contours after local buckling (Phase 4-:\. tr = 3/16")
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Figure 3.62 - Stress contours after local buckling (Phase 4-A, tr = 3/16")
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Figure 3.63 - Stress contours after local buckling (Phase 4-A, tr = 3/16")
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The remaining models of Phase 4-A, analyzed the bridge deck system having
15/64", 1/4", 9/32", 5/16", and 3/8" rib thicknesses (Models 59 through 63). In all
five cases, the local buckling behavior and variation of stresses were very similar.
Therefore, they are described together. Yielding initiated within the bridge deck
before the onset of local buckling in the rib walls (inelastic local buckling). Since
local buckling occurred after yielding, the stress distribution at yield was uniform
throughout the bridge deck (See Figure 3.64). Inelastic local buckling occurred in the
rib walls between the floorbeam and the loaded end of the panel (See Figure 3.65).
This location of local buckling was consistent with the results of Phase 1 of the
research.
Fn Il.o.r 18 14 :'!>9:09 EST 'OO'!>OOB:
St~: St.-p-
Inc r...".., t
Primtlry Vdr: S. Mis.s
DtPform.d V<lr: U DtPf 0 rtMt len SC<ll. FdCt or: +1. CO 0,,'0 0
S, Hi5.S
5lfOO. (tr<lction = -1.0)
(Av•. Crit.: 7'!>')
+!l .000.+01
+4. !l84.+01
+4.le57.+01
n.7!>0.+01
+>.1J4.+01
+2.917.+01
+2.'!>00.+01
+2.084.+01
+1.6t57.+01
+1.2!>0.+01
+9.B4.+00
+4.167.+00
+0.000.+00
Figure 3.64 - Stress contours at yielding of the deck system (Phase 4-A. tr =5116")
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IINTENTIONAL SECOND EXPOSURE
The remaining models of Phase 4-A, analyzed the bridge deck system having
15/64". 114". 9/32"". 5/16". and 3/8" rib thicknesses (Models 59 through 63). In all
five cases. the local buckling behavior and variation of stresses were very similar.
Therefore. they are described together. Yielding initiated within the bridge deck
before the onset of local buckling in the rib walls (inelastic local buckling). Since
local buckling occurred after yielding, the stress distribution at yield was uniform
throughout the bridge deck (See Figure 3.64). Inelastic local buckling occurred in the
rib ,"valls between the t100rbeam and the loaded end of the panel (See Figure 3.65).
This location of local buckling was consistent with the results of Phase I of the
research.
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Figure 3.64 - Stress contours at yielding of the deck system (Phase 4-A, tr = 5/16")
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Figure 3.65 - Inelastic local buckling of the rib walls (Phase 4-A, tr = 1/4")
In summary, Phase 4-A produced an accurate representation of the local
buckling behavior in the rib walls of a trapezoidal rib orthotropic bridge deck and the
corresponding variation of stresses within the system. The results from the models of
Phase 4-A are shown below in Table 3.14. A plot of the buckling and yield loads for
the corresponding width to thickness ratios (d'/tr) is shown in Figure 3.66. In
addition, the variation of average axial stresses at local buckling for the
corresponding width to thickness ratios are plotted in Figure 3.67.
As mentioned earlier, Phase 4 analyzed a trapezoidal rib orthotropic bridge
deck with the axial compression loading applied through the centroid of the system.
Consequently, Phase 4-A analyzed the worst case scenario for local buckling in the
rib walls of the deck system (without considering geometric imperfections and
residual stresses). Therefore, a reasonably accurate limiting width to thickness ratio
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(d'/tr) for the rib wall ofan orthotropic bridge deck system can be formulated l5 . This
is discussed further in Chapter 4.
I PHASE 4 -A I
RIB THICKNESS d' Pbuckle Pyleldtr lrblavgl FAILURE MODE
fln] [kips] [ksll [kips]
3/16" 74.67 4210 37.5 5631 e~sUclocalbucklinaofrlbs
7/32" 64.00 5813 49.5 5892 elasUc local bucklina of ribs
15/64" 59.73 6290 52.5 6052 Inelastic local buckling of ribs
1/4" 56.00 6529 53.3 6131 Inelastic local bucklina of ribs
9/32" 49.78 6893 54.0 6484 InelasUc local buckling of ribs
5/16" 44.80 7155 53.9 6711 InelasUc local bucklina of ribs
3/8" 37.33 7671 53.6 7235 alobal vieldlna
Table 3.14 - Results of Phase 4-A
Axial Load (P) vs. d'ltr
-+- Pbuckle
____ Pyield
806040
8000 ,---------------
7500 i---------'-"-.......:----------
7000 i------'~~~------­
6500 +--------=-tL-~~-----
'[ 6000
~ 5500 -f------------"----=--
Q. 5000 Jf-------------'l.,--
4500 1f-------------\~.­
4000 i
3500 I---------------~
3000 +-: ------,-----,-----
20
d'/tr
Figure 3.66 - Plot of the buckling and yield loads for Phase 4-A
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Figure 3.67 - Plot of the average axial stress variation at local buckling in the rib
walls of Phase 4-A
3.3.4.2 Phase 4-8
Phase 4-B modeled the orthotropic bridge deck panel with seven different
deck plate thicknesses (41). As stated earlier, all other parameters were held constant
for Phase 4. The first two deck plate thicknesses analyzed were 1/4" and 5/16"
(Models 64 and 65). The mode of failure for these two models was elastic local
buckling of the deck plate. Local buckling initiated in the deck at the mid-span of the
panel (Sec Figure 3.68). The arrow in Figure 3.68 points to this location.
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Figure 3.68 - Elastic local buckling in the deck plate (Phase 4-8, 1d = 1/4")
Similar to Phase 4-A, the axial load was applied through the centroid of the
bridge deck so the stress distribution was uniform prior to local buckling. The
compressive stresses throughout the cross section of the bridge deck at local buckling
for Models 64 and 64 were 39.4 and 44.4 ksi, respectively. The stress distribution of
the deck plate after local buckling for Model 64 is shown in Figure 3.69.
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Figure 3.68 - Elastic local buckling in the deck plate (Phase 4-B, td = 114")
Similar to Phase 4-A, the axial load was applied through the centroid of the
bridge deck so the stress distribution was uniform prior to local buckling. The
compressive stresses throughout the cross section of the bridge deck at local buckling
for Models 64 and 64 were 39.4 and 44.4 ksi, respectively. The stress distribution of
the deck plate after local buckling for Model 64 is shown in Figure 3.69.
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Figure 3.69 - Stress contours after local buckling (Phase 4-B, td = 114")
The remaining models of Phase 4-B, analyzed the bridge deck system having
3/8", 7/16", 112",9116", and 5/8" deck plate thickness (Models 66 through 70). In all
five cases, the local buckling behavior and variation of stresses were very similar.
Therefore, they are described together. Yielding initiated within the bridge deck
before the onset of local buckling in the deck plate (inelastic local buckling).
Inelastic local buckling occurred in the unloaded and loaded end of the deck plate
(See Figure 3.70). It should also be mentioned that inelastic local buckling, initiated
in the rib walls. occurred before the deck plate. This was due to the higher width to
thickness ratios in the rib walls than in the deck plate l6 • Typically this will be the
case for trapezoidal bridge deck system because the width to thickness ratio is usually
largest in the rib walls.
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Figure 3.69 - Stress contours after local buckling (Phase 4-B, td = 114")
The remaining models of Phase 4-8. analyzed the bridge deck system having
3/8".7116". 112".9/16". and 5/8" deck plate thickness (Models 66 through 70). In all
five cases, the local buckling behavior and variation of stresses were very similar.
Therefore. they are described together. Yielding initiated within the bridge deck
before the onset of local buckling in the deck plate (inelastic local buckling).
Inelastic local buckling OCCUlTed in the unloaded and loaded end of the deck plate
(See Figure 3.70). It should also be mentioned that inelastic local buckling, initiated
in the rib walls, occurred before the deck plate. This was due to the higher width to
thickness ratios in the rib walls than in the deck plate 16• Typically this will be the
case for trapezoidal bridge deck system because the width to thickness ratio is usually
largest in the rib walls.
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Figure 3.70 - Inelastic local buckling of the deck plate (Phase 4-B, ~ = 3/8")
In summary, Phase 4-B added to the understanding of the local buckling
behavior in the deck plate of a trapezoidal rib orthotropic bridge deck and the
corresponding variation of stresses within the system. The results from the models of
Phase 4-B are shown below in Table 3.15. A plot of the buckling and yield loads for
the corresponding width to thickness ratios (c/~) is shown in Figure 3.71 17• In
addition, the variation of average axial stresses at local buckling for the
corresponding width to thickness ratios are plotted in Figure 3.72.
As mentioned earlier, Phase 4 analyzed a trapezoidal rib orthotropic bridge
deck with the axial compression loading applied through the centroid of the system.
Consequently, Phase 4-B analyzed more conservative conditions for local buckling in
the deck plate than Phases 2 and 3 (where no bending moment was induced tension in
the deck plate). Therefore, a more mcaningful limiting width to thickness ratio (cit.!)
for the deck plate of an orthotropic bridge deck system can be specificd (without
133
considering geometric imperfections and residual stresses). This is discussed further
in Chapter 4.
PHASE 4 • B
c
P dtckbucklt PyttldDECK THICKNESS t,. CJb(avg) FAILURE MODE
[In] (kips] (ksi] (kips]
1/4" 52.0 3316 39.4 - elastic local buckling
5/16" 41.6 4095 44.4 4664 elastic local buckling
3/8" 34.7 5051 50.3 4982 inelastic local buckling
7/16" 29.7 5642 52.0 5460 inelastic local buckling
1/2" 26.0 6143 52.7 5835 inelastic local buckling
9/16" 23.1 6598 52.9 6256 inelastic local buckling
5/8" 20.8 7053 53.1 6711 inelastic local buckling
Table 3.15 - Results of Phase 4-B
IPHASE4-BI Axial Load (P) V5. c/tr
-+- Pbuckle
----Pyield
60
~
...........-----
40 5020 3010
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Figure 3.71 - Plot of the buckling and )~eld loads for Phase 4-B
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Figure 3.72 - Plot of the average axial stress variation at local buckling in the deck
plate of Phase 4-B
3.4 Summary of Results
A comprehensive research project was conducted focusing on the local
buckling behavior of a trapezoidal rib orthotropic bridge deck and the variation of
stresses within the system. Four different phases of research were perfoffiled. The
general results from each phase of the research are summarized below (the cross-
sectional dimensions of the bridge deck are shown again in Figure 3.73).
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\J24Xl04
a = width ofdeck plate above rib
e = width ofdeck plate between ribs
to = deck plate thickness
tr = rib thickness
d' = angular depth of rib walls
Figure 3.73 - Cross-section notation used in this research project
3.4.1 Phase 1
The first phase of the research analyzed the local buckling behavior of the rib
walls of a trapezoidal rib orthotropic bridge deck and the corresponding variation of
stresses within the system for the applied loading. The results obtained from all three
parts of Phase 1 were consistent and are shown in Figure 3.74. In addition, the
variation of average a.xial stresses at local buckling for the corresponding width to
thickness ratios of the models analyzed in Phase 1 are plotted in Figure 3.75 (the
results ShO\\11 in this figure are interpreted and discussed in detail in Section 4.1).
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For all models in Phase 1 that failed in the inelastic range, the onset of
yielding occurred along the bottom face of the rib members near the loaded end of the
panel. The location of initial local buckling of the rib walls consistently occurred
between the floorbeam and the loaded end of the panel. The results of Phase 1 are
further interpreted in Chapter 4.
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Figure 3.74 - Plot of the buckling loads for Phase 1
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Figure 3.75 - Plot of the average axial stress variation at local buckling in the rib
walls of Phase 1
3.4.2 Phase 2
The second phase of the research analyzed the local buckling behavior of the
deck plate between the rib members in a trapezoidal rib orthotropic bridge deck and
the variation of stresses within the system for the applied loading. The results
obtained from all the three parts of Phase 2 were also consistent and are shown in
Figure 3.76. In addition, the variation of average axial stresses at local buckling for
the corresponding width to thickness ratios of the models analyzed in Phase 2 are
plotted in Figure 3.77. The results of Phase 2 are also interpreted and discussed in
detail in Chapter 4.
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Figure 3.76 - Plot of the buckling and yield loads for Phase 2
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Figure 3.77 - Plot of the aycrage axial stress variation at local buckling of the deck
plate between the rib members in Phase 2
139
3.4.3 Phase 3
The third phase of the research analyzed the local buckling behavior of the
deck plate above the rib members in a trapezoidal rib orthotropic bridge deck and the
corresponding variation of stresses within the system for the applied loading. The
results obtained from all three parts of Phase 3 were consistent and analogous to
Phase 2 (See Figure 3.78). In addition, the variation of average axial stresses at local
buckling for the corresponding width to thickness ratios of the models analyzed in
Phase 3 are plotted in Figure 3.79. The results of Phase 3 are also interpreted and
discussed in detail in Chapter 4.
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Figure 3.78 - Plot of the buckling and yield loads for Phase 3
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Figure 3.79 - Plot of the average axial stress variation at local buckling of the deck
plate above the rib members in Phase 3
3.4.4 Phase 4
The fourth and final phase of the research analyzed the local buckling
behavior of the rib walls and deck plate of a trapezoidal rib orthotropic bridge deck
and the corresponding variation of stresses within the system for the applied loading
(unifonn compression). The fourth phase of the research analyzed the bridge deck
with modified boundary conditions so that the axial load resultant coincided with the
centroid. Therefore. no induced bending moment was applied to the models.
The average axial stress variation within the bridge deck system at the onset
of local buckling in the rib wall and the deck plate are shown in Figure 3.801:\. This
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plot simply combines the results shown earlier in Phase 4-A and 4-B. The results of
Phase 4 are further interpreted and discussed in detail in Chapter 4.
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Figure 3.80 - Plot of the average axial stress variation at local buckling in Phase 4.
10 Refer to Section 2.4 for further discussion on the assumed stress distribution analyzed in Phase 4.
11 The term consistent in this thesis is used to describe results that are in agreement (or compatible)
with each other.
12 The reason for higher compressive stresses in the rib bottoms is explained in Section 2.4
D The variations of average axial stresses are discussed further in Chapter 4.
14 The buckling and yield loads are the axial compressive force applied to the five rib orthotropic
bridge deck at the onset of local buckling and yielding within the system. respectively.
15 The purpose ofa limiting width to thickness ratio (d'/t.) is to ensure local buckling of the rib wall
occurs after the onset of)'ielding, if in fact local buckling is to occur.
16 This conclusion is weB documented in Phase 2 and 3.
17 Dimension (c) is defined as the larger of (a) and (e). For Phase 4 the dimensions (a), (e), and (c) are
equal.
IS The width to thickness (bt) is used to represent the general width to thickness ratio of plate
members. In Figure 3.80 (b t) represents (d'I!,.) and (cilJ) for Phase 4-A and 4-B. respectively.
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CHAPTER 4 - Evaluation of the Results
4.1 Evaluation of Results
This section examines the primary results of the trapezoidal rib orthotropic
bridge deck parametric analysis. The results from each phase of the research are
interpreted below.
4.1.1 Phase 1
The objective of the first phase was to analyze the behavior of local buckling
in the rib walls of a trapezoidal rib orthotropic bridge deck and the corresponding
variation of stresses within the system for the applied loading. For the models
analyzed in Phase I of the research, the load at which initiated local buckling was
detennined. Therefore, the average axial stresses at local buckling were identified.
As shown in Section 3.4, a plot of the variation of average axial stresses at local
buckling for the corresponding width to thickness ratios (d'/tr) of the models analyzed
in Phase 1 was generated (shown again in Figure 4.1). This plot shows that when the
width to thickness ratio of the rib walls (d'/tr) was decreased, the axial stresses within
the orthotropic bridge deck system at local buckling significantly increased. It also
shows that the variation of stresses at local buckling were relatively consistent for
varied angular rib depths (d').
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Figure 4.1 - Plot of the average axial stress variation at local buckling in the rib walls
versus (d' /tr)
The results of Phase 1 displayed additional infonnation with respect to the
variation of average axial stresses at local buckling in the rib walls of a trapezoidal rib
orthotropic bridge deck. A plot of the variation of average axial stresses at local
buckling for the corresponding rib thicknesses (tr) of the models analyzed in Phase 1
was generated as shown in Figure 4.2. This plot shows that when only the rib
thickness was increased, the average axial stresses within the orthotropic bridge deck
system at local buckling significantly increased. A plot was then created which
displays the variation of average axial stresses at local buckling for the corresponding
angular rib depths (d') as shown in Figure 4.3. This plot also shows that when the rib
thickness was increased, the average axial stresses at local buckling signi ficantly
increased. However. the plot shows that when only the angular rib depth was
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increased, the average axial stresses at local buckling did not vary. This was due to
the small change in width to thickness ratio (d'Itr) when angular rib depth (d ') was
increases for these models.
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Figure 4.2 - Plot of the average axial stress variation at local buckling in the rib walls
versus the rib thickness (tr)
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Figure 4.3 - Plot of the average axial stress variation at local buckling in the rib walls
versus the angular rib depth (d')
4.1.2 Phase 2 and Phase 3
The objectives of the second and third phases were to analyze the behavior of
local buckling in the deck plate of a trapezoidal rib orthotropic bridge deck and the
corresponding variation of stresses within the system for the applied loading. As
presented in Section 3.4, the results from the second and third phases were
completely similar. Therefore, the results are interpreted in this section together. The
critical section for local buckling in the deck plate for Phases 2 and 3 was the location
with the larger width to thickness ratio. As a result, the larger of dimensions (a) and
(e) indicated the critical section for local buckling in the deck plate. The larger of
dimension (a) and (e) is denoted as dimension (c) in this report.
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For the analysis perfonned in Phases 2 and 3 of the research, the load at which
initiated local buckling was detennined for each model. Therefore, the average axial
stresses at local buckling in the deck plate were identified. A plot of the variation of
average axial stresses at local buckling in the deck plate for the corresponding width
to thickness ratios (c/1d) was generated as shown in Figure 4.4. This plot illustrates
that when the width to thickness ratio of the deck plate (c/1d) was decreased, the
average axial stresses within the orthotropic bridge deck system significantly
increased at local buckling. It also shows that the variation of stresses at local
buckling were relatively consistent for varied rib spacing.
IPHASE 2 &31 O'b(avg) vs. c/td
-+- e =15"
-- e =17"
-- e =19"
v a =15"
x a =17"
-- a =19"
200150100
c/tJ
50
10 ]
5 1'-------
o ~----~----,----------------,
o
40 -,-------------------
35 +- l ........~-------------
30 +--------'\."<-'-------------
25 +------~~-----------
Ci
>~ 20 -+-------------"'<~"'c_----------
l? 15 +- ~~--------
i
'----~-------
Figure 4.4 - Plot of the average axial stress variation at local buckling in the deck
plate versus (c/1J)
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The results of Phases 2 and 3 display additional infonnation regarding the
variation of average axial stresses at local buckling in the deck plate of a trapezoidal
rib orthotropic bridge deck. A plot of the average axial stresses at local buckling of
the deck plate for the corresponding deck plate thicknesses (41) of the models
analyzed in Phases 2 and 3 was generated as shown in Figure 4.5. This plot shows
that when the deck plate thickness is increased the average axial stresses within the
orthotropic bridge deck at local buckling of the deck plate rapidly increased.
However, the rate at which the average axial stresses at local buckling increased
varied for the different deck spacing.
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Figure 4.5 - Plot of the averagc a.xial strcss variation at local buckling in the deck
plate vcrsus the deck platc thickness (t..J)
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A plot was also created which displays the variation of average axial stresses
at local buckling in the deck plate for the corresponding controlling section of the
deck plate (c) as shown in Figure 4.6. This plot shows that when the deck plate
thickness was increased the average axial stresses at local buckling in the deck plate
also increased. It also shows that the for a specific deck plate thickness, increasing
the controlling section width of the deck plate slightly decreased the axial stresses at
local buckling of the deck plate. This was due to the small change in width to
thickness ratio (c/~) between these models.
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Figure 4.6 - Plot of the average axial stress variation at local buckling in the deck
plate versus the critical deck spacing (c)
Several important trends were identified based on the analysis of Phase 2 and
Phase 3:
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• When the width to thickness ratios of the rib walls (d'Itr) were greater than
the width to thickness ratio of the controlling section of the deck plate
(c/41), local buckling initiated in the rib walls.
• For the models with c/~ greater than d' Itr, but close in magnitude, local
buckling occurred within the deck plate and the rib walls almost
simultaneously. However, local buckling for these specific models was
dominant in the rib walls. This was due to the higher compressive stresses
within the rib members.
• When c/~ was significantly greater than d' Itr, local buckling initiated in
the controlling section of the deck plate.
The trends identified above can be partly shown by plotting the results of
Phase I-A, Phase 2, and Phase 3 together as shown in Figure 4.7. This figure shows
that the results obtained in Phases 2 and 3 plateau near the width to thickness ratio of
45. This is due to the fact that the width to thickness ratio of the rib walls in Phase 2
and 3 was approximately 45. 19 Therefore, when the width to thickness ratio of the
deck plate (c/~) was decreased in Phases 2 and 3 below this value, local buckling
initiated in the rib walls.
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Figure 4.7 - Plot of Phase I-A, Phase 2 and Phase 3 results
4.1.3 Phase 4
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The objective of the fourth phase of the research was to further analyze the
local buckling behavior of the rib walls and deck plate of a trapezoidal rib orthotropic
bridge deck and the corresponding variation of stresses within the system for the
applied loading. The fourth phase of the research analyzed the bridge deck with
modified boundary conditions so that the a.xial load resultant coincided with the
centroid. Therefore, no induced bending moment was applied to the models. As a
result, unifonn compressiYe stresses were present throughout the bridge deck system.
For the models analyzed in Phase 4. a plot of the ayerage axial stress variation
within the bridge deck system at the onset of local buckling in the rib walls and the
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deck plate was generated as shown in Figure 4.8. It was observed that the limiting
width to thickness ratio for the rib walls (d'/tr) was approximately 60. This limiting
ratio allowed the system to develop its yield strength before local bucking occurred in
the rib walls. In addition, it was observed that the limiting width to thickness ratio for
the controlling section of the deck plate (c/41) was approximately 35. This limiting
ratio allowed the system to develop its yield strength before local buckling occurred
in the deck plate. These values are for an idealized system (not considering
geometric imperfection and residual stresses) and are not values recommended for
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Figure 4.8 - Plot of the average axial stress variation at local buckling in Phase 4.
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The results of Phase 4 displayed additional infonnation with regards to the
variation of average axial stresses at local buckling in the rib walls and deck plate of a
trapezoidal rib orthotropic bridge deck. A plot of the variation of average axial
stresses at local buckling of the rib walls for the corresponding rib thicknesses (tr) of
the models analyzed in Phase 4-A was generated as shown in Figure 4.9. In addition,
a plot of the variation of average axial stresses at local buckling in the deck plate for
the corresponding deck plate thickness (41) of the models analyzed in Phase 4-B was
generated as shown in Figure 4.10. These plots show that when only the rib thickness
or the deck plate thickness was increased, the average axial stresses within the
orthotropic bridge deck system at local buckling increased up to the yield stress and
then gradually leveled off.
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Figure 4.9 - Plot of the aycrage axial stress yariation at local buckling in the rib walls
ycrsus the rib thickness (t r)
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Figure 4.10 - Plot of the average axial stress variation at local buckling in the deck
plate versus the deck plate thickness (td)
Another useful way of interpreting the results obtained in Phase 4 of the
research is by examining plots of the percentage of yield stress in the model versus
the axial load. Figure 4.11 and Figure 4.12 show the variation of stresses within the
bridge deck system for increasing rib wall and deck plate thickness, respectively.
Note that some of the curves do not reach the 100% yield stress within the system.
This is due to the fact that the failure mode of certain models was clastic local
buckling. Therefore, the curves generated for these models (clastic local buckling)
arc only plotted until local buckling is reached. As a result, the models which failed
in the clastic and inelastic range arc not confused.
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Figure 4.11 - Plot of the percentage yield stress versus the axial load (Phase 4-A)
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Figure 4.12 - Plot of the percentage yield stress versus the axial load (Phase 4-B)
Load deflection curves were also obtained from the Phase 4 analysis. Figure
4.13 and Figure 4.14 illustrate the axial load at failure (Pf)~l versus the deflection in
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the longitudinal direction (shortening). Please note that the slope of the load
deflection curve increases with increased rib and deck plate thickness.
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Figure 4.13 - Plot of the load versus deflection (shortening) curve for Phase 4-A
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Figure 4.14 - Plot of the load versus deflection (shortening) curve for Phase 4-8
4.2 Comparison of Research Results with Design Specifications
4.2.1 AASHTO
According to the American Association of State Highway and Transportation
Officials (AASHTO) LRFD bridge design specification (2004) an orthotropic steel
deck consists of a deck plate stiffened and supported by longitudinal ribs and
transverse floorbeams [AASHTO, 2004]. Section 9.8.3 of AASHTO covers the
primary specifications for orthotropic stcel decks. In section 9.8.3.6.2, AASHTO
stipulates that thc cffccts of comprcssivc instability of an orthotropic dcck shall bc
investigated at strength limit states. If instability docs not control, the resistance of
the orthotropic platc dcck shall bc bascd on thc attainmcnt of yicld strength at any
point in the cross-scction. Thc commcntary furthcr states that buckling should bc
lSi
investigated for the deck because it acts as part of the global system and is exposed to
in-plane axial tension and/or compression. Therefore, AASHTO specifies that local
buckling must be checked for an orthotropic deck system.
In Section 9.8.3.7, AASHTO specifies specific detailing requirements for the
design of an orthotropic bridge deck22 . The deck plate thickness (41) shall not be less
than 0.5625 inches or 4% of the larger spacing or rib web/walls (the larger of (a) or
(e), denoted in this report as (c)). The purpose for the second restriction of the deck
plate (41 < 0.04 x c) may not be apparent to many designers. In effect, this second
restriction, limits the maximum width to thickness ratio of the deck plate (c/4J) to 25.
This restriction helps prevent local buckling from occurring in the deck plate.
The results of the closed rib orthotropic bridge decks analyzed in this research
correlated with the AASHTO limitation of c/4J' All the models analyzed with a c/4J
ratio less than 35 failed by inelastic local bucking or global yielding (none by elastic
local buckling). However, as mentioned in Section 2.4, this research project did not
include the presence of geometric imperfections or residual stresses. Therefore, it is
rational for the AASHTO limitation to be less than the values found in this project.
Figure 4.15 shows the plot displayed in the previous section (Figure 3.72) along with
the AASHTO limiting width to thickness ratio. Please refer to Section 4.2.2 for
recommended modifications to the AASHTO code.
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Figure 4.15 - Approximate limiting width to thickness ratio of the current research
project compared to the AASHTO limit
The AASHTO specifications also state that the thickness of closed ribs shall
not be less than 0.1875 inches. In addition, AASHTO places a restriction on the
maximum thickness of the rib plates, shown below:
t 3 *d'
< 400 * d.cjJt r ~C'
where,
tr = thickness of rib wall (inches)
to.efT = effective thickness of deck plate
d' = length of inclined portion of the rib
c = larger of the spacing of the rib walls (inches)
159
Equation (4.1 )
The commentary herein explains the purpose of this limitation. Fatigue tests indicate
that local out-of-plane flexural stress in the rib web (walls) at the junction with the
deck plate should be minimized. Therefore, one way to achieve this is to limit the
stress in the rib web (walls) caused by the rotation of the rib-deck plate junction by
making the rib web relatively slender compared with the deck plate.
Section 9.8.3.6.2 of AASHTO also requires the design of orthotropic decks to
meet the requirements of Section 6 (Steel Structures) at all applicable limit states,
unless otherwise specified with Section 9.8.3. Section 9.8.3 does not specify a
limiting width to thickness ratio for rib members within the orthotropic deck system.
Therefore, the general width to thickness ratio for rib members must be checked
according to Section 6. In Section 6.9.4.2, the limiting width to thickness ratios for
axial compression are specified. The slenderness of plate members must satisfy:
£. ,; k~ E =1.49~29000 =35.9
t F" 50
where,
b =width of plate, (inches)
t = plate thickness (inches)
k = plate buckling coefficient as specified in Table 6.9.4.2-1
E =modulus of elasticity (ksi)
Fy = yield strength (ksi)
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Equation (4.2)
Therefore, the AASHTO limit for the width to thickness ratio of the rib walls (d'/tr) is
determined as 35.9.
The results of the closed rib orthotropic bridge decks analyzed in this research
correlated with the AASHTO limitation of d' /tr• All the models analyzed with ad'/tr
ratio less than 60 failed by inelastic local bucking or global yielding (none by elastic
local buckling). As mentioned in Section 2.4, this research project did not include the
presence of geometric imperfections or residual stresses. Therefore, it is rational for
the AASHTO limitation to be less than the values found in this project. Figure 4.16
shows the plot displayed in the previous section (Figure 3.67) along with the
AASHTO limiting width to thickness ratio. Refer to Section 4.2.2 for recommended
modifications to the AASHTO specification.
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Figure 4.16 - Approximate limiting width to thickness ratio of the current research
project compared to the AASHTO limit
4.2.2 Recommendations for the AASHTO Design Specification
The AASHTO design specification (2004) is adequate to avoid elastic local
buckling within a trapezoidal rib orthotropic deck system. The limiting widths to
thickness ratios of the deck plate and rib members are conservative in comparison to
the results of this research, as would be expected due to the assumptions and
limitations of this project. Further modification is recommended to the AASHTO
code, specifically to Section 9.8.3 (Orthotropic Steel Decks). These modifications are
explained below:
• The first recommendations regard Section 9.8.3.7.1 in the AASHTO
specification. As mentioned in the preYious chapter. this section specifics
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the deck plate thickness of an orthotropic bridge deck. AASHTO limits
the width to thickness ratio of the deck plate by not allowing the deck
plate thickness to be greater than 4% of the larger spacing of the rib webs
(denoted in this report by c). This ultimately limits the width to thickness
ratio of the deck plate (c/fd) to 25. Therefore, this author recommends
removing the restriction that the deck plate thickness must be greater than
4% of the larger rib webs. This author recommends including the
following equation
c
Deck plate limit: - < 25
td
Eqn. (5.1)
to give designers a better understanding as to why the restriction IS
required. The limiting value of 25 seems to be adequate in comparison to
the results obtained from this research, which found that a c/fd less than
approximately 35 is sufficient.
• This author also suggests other recommendations to Section 9.8.3.7.2 in
the AASHTO specification. This section limits the minimum and
maximum thickness for closed rib members of an orthotropic bridge deck.
However, as explained in the previous chapter, the entire orthotropic deck
section of the code (9.8.3) does not specify a limiting width to thickness
ratio of the rib walls. Nevertheless, high compressive forces in these plate
members require checking the possibility of clastic local buckling.
Therefore, designers must refer to Section 6 in the AASHTO code (Steel
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Structures) to evaluate the limiting width to thickness ratio of the rib
walls. This value is calculated to be 35.9 (See Section 4.2.1). It is
suggested by this author to include a limiting width to thickness of the rib
walls (d'/tr) in Section 9.8.3.7.2 of the AASHTO specification. In
addition, it is recommended to further research the limiting value (35.9) so
the limit is specific to rib walls within a closed rib orthotropic bridge deck
system. This research project found that a d'/tr less than approximately 60
is sufficient. However, further research should be performed to give an
adequate recommendation for a specific limiting code value (See Section
5.2).
4.2.3 British Bridge Design Specification BS 5400
The portions of the British design specification BS 5400 [BSI 1982] that apply
to the results of this research project are discussed in this section. In BS 5400, the
stiffened plate panel (orthotropic deck) is treated as a series of disconnected struts,
each of which consists of a longitudinal rib acting together with an associated
effective width of the plate. Ribs are designed to be sufficiently stocky to be able to
develop yield strength at their extreme fibers before local torsional buckling occurs.
The closed ribs depicted are similar to the trapezoidal ribs, except the bottom rib is
curved as shown in Figure 4.17.
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Figure 4.17 - Trough shaped rib members specified in BS 5400
The widths to thickness restrictions of BS 5400 are similar to the AASHTO
code. In Section 9.3.7 of BS 5400, it is specified that the width to thickness ratio of
the compression deck plate (c/1d) should not exceed23 :
-"- ,;24t1.5 =24.3
t d Fl'
where,
c = larger of the spacing of the rib walls (inches)
1d = thickness of the deck plate (inches)
Fy = yield strength of steel (ksi)
Equation (4.3)
The BS 5400 limitation for c/1d (24.3) is very similar to the AASHTO code
limit (25). The main difference between BS 5400 and AASHTO is the manner in
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which the restriction is presented. Nevertheless, each code stipulates nearly the same
limitation on the width to thickness ratios of the deck plate. Therefore, the
comparison of the limiting c/1d value found in this project (35) to BS 5400 is the same
as the comparison to the AASHTO code (See Section 4.2.1).
In addition to the deck plate, BS 5400 limits the width to thickness ratios of
the closed rib members. In fact, BS 5400 places a limit on the width to thickness
ratio of the rib walls and the rib bottoms (See Figure 4.18). BS 5400 states, in
Section 9.3.4, the width to thickness ratio of a closed rib should be proportioned such
that,
Boltom ofrib: d" ,; 29~51.5 =29.4
1(' FI'
Rib wall: del ,; 41l1.5 =29.4
1(' 2Fl'
where,
del = length of inclined portion of the rib (inches)
dez = length ofbottom rib (inches)
Fy = yield strength of steel
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Equation (4.4)
..,
Equation (4.5)
del
Figure 4.18 - Cross-section notation for trough shaped rib members
The BS 5400 limitation for the rib plate width to thickness ratio (29.4) is
similar, but less than the AASHTO code (35.9). Another difference is the manner in
which BS 5400 and AASHTO present the restrictions. Unlike AASHTO, BS 5400
provides a limit for the width to thickness ratio of the rib members in the orthotropic
deck section of the code. The designer does not have to check the stability of the rib
members in another BS section (See Section 4.2.1 ).
In the previous section of this report, it was discussed that the limiting d' /tr
value detemlined in this project (60) was much larger than the limitation from
AASHTO and is therefore much larger than the limitation from BS 5400 (for dc2/~)'
Again, the comparison of this research to BS 5400 is basically the same as the
comparison to the AASHTO code (See Section 4.2.1). Note that this research project
analyzed trapezoidal shaped ribs, which have a ditTerent rib bottom than the type
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specified in BS 5400. Therefore, this research did not analyze a curved shape rib
bottom, so no comparison is made for this region.
In summary, the results obtained in this research correlated with the expected
results described in Section 1.5. A limiting width to thickness ratio of the rib walls
(d '/tr < 60) and deck plate (c/~ < 35) were obtained in order to avoid the occurrence
of elastic local buckling. The limiting ratios found in this research are higher than the
limiting ratios in the AASHTO and BS 5400 bridge design specifications due to their
conservative nature. This is also due to the assumptions and limitations of this
research (See Section 2.4).
The contributions of this research are discussed in the following chapter.
19 This was explained further in Chapter 3.
20 The limiting width to thickness ratios obtained in this research will be compared to AASHTO and
BS 5400 bridge design specifications in Section 4.2.
21 Pf is defined as the failure load of the system. Failure of the system is either due to the onset of
iielding or local buckling.
2 Note that the notation in the AASHTO specification differs from the notation used in this report.
23 Note that the notation in the BS 5400 differs from the notation used in this report.
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CHAPTER 5 - Contributions and Further Research
5.1 Contributions of this research
The research perfonned in this thesis adds to the understanding of trapezoidal
rib orthotropic bridge deck systems. Specifically this thesis focused on the behavior
of local buckling in trapezoidal rib orthotropic bridge decks and the corresponding
variation of stresses within the system. Many bridges throughout the world utilize a
trapezoidal rib orthotropic bridge deck in the compression zone (or deck area) of the
superstructure. Therefore, the presence of thin steel plate members cause local
buckling to be a valid concern. This thesis provides new infonnation to help ensure
that local buckling will not occur in the elastic range for trapezoidal rib orthotropic
bridge decks.
This project was able to identify the typical failure modes (elastic or inelastic
local buckling), failure locations, maximum stress locations, and the variation of
stresses within a trapezoidal rib orthotropic bridge deck system. Therefore, the
project was able to determine the specific locations within the cross-section of an
orthotropic bridge deck system that are of primary concern with respect to local
buckling. The variation of stresses within the bridge deck system at local bucking
was identified for varying specific parameters. In addition, specific limiting width to
thickness ratios within a trapezoidal rib orthotropic bridge deck were obtained to
allow the system to develop its yield strength before the onset of local buckling24.
The areas of research related to this thesis that were not examined in this project but
are recommended for further research are discussed in the following section.
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5.2 Further Research and Implementation Efforts
Topics for additional examination are suggested below.
• Further research is suggested in the effects of residual stresses and
geometric imperfections on the local buckling behavior of orthotropic
bridge deck systems. Considering these effects and the results of this
research, acceptable limiting width to thickness ratios (c/1d & d'/tr), in a
trapezoidal rib orthotropic bridge deck, can be determined. Suitable
modifications could then be made to the AASHTO bridge design
specification (Section 9.8.3).
• It is suggested that further research be performed on local bucking of the
deck plate due to transverse wheel loading. In the current project
transverse loading was omitted in Phase I due to the fact that it induced
tensile force in the rib members. Therefore, it was conservative to remove
the transverse loading. Then in Phase 2 and Phase 3 the transverse load
was omitted for consistency so the results were comparable. However, the
transverse load should induce additional compressive force in the deck
plate. Therefore, it should be more conservative to include a transverse
load while examining local buckling within the deck plate. Note that the
transverse loading is very small in comparison to the global compressive
forces within a bridge deck systcm. As a rcsult, the effccts should be
minor when considcring local buckling.
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• Local buckling in the bottom of the rib members was not studied, herein,
due to the trapezoidal shape of the members (small width to thickness ratio
in this section). However, additional research could be performed
considering local buckling in the bottom of the rib for trough shaped
closed ribs (See Figure 4.18). This curved section of a rib member could
develop a significantly high width to thickness ratio where local buckling
may be a concern.
• Phase 4 of this research project analyzed a trapezoidal rib orthotropic
bridge deck system with axial load applied through the centroid of the
cross-section (modeled as a column). The analysis in this phase was
performed on varying rib wall and deck plate thicknesses. Additional
research could be performed similar to Phase 4, however, varying the
angular rib depth (d'), the deck plate spacing between the ribs (e), or the
deck plate spacing above the ribs (a). There variations were analyzed in
Phases 1, 2, and 3 of this thesis, but not when the models were analyzed
under only axial load.
• Research on the ultimate strength and post-buckling behavior of
trapezoidal rib orthotropic bridge decks is currently being conducted at
Lehigh University [Jen 2005]. This work is expected to significantly
increase the knowledge base of trapezoidal rib orthotropic bridge decks
and improve the current design methods.
In conclusion, the author recommends the AASHTO specification (Section
9.8.3) be updated to include a limiting width to thickness ratio for the rib walls of a
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trapezoidal rib orthotropic bridge deck system (d'/tr). After perfonning extensive
analysis on the local buckling behavior within a trapezoidal rib orthotropic bridge
deck system this author believes this restriction is necessary. The purpose of this
limiting ratio is to ensure that if local buckling is to occur it will occur after the onset
of yielding (inelastic local buckling). Therefore, future designs can avoid elastic local
buckling in the rib walls of a trapezoidal rib orthotropic bridge deck system.
24 The limiting width to thickness ratios do not include the effects of geometric imperfections and
residual stresses.
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APPENDIX A: 3-RIB TEST SPECIMEN· ABAQUS RESUL1S
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC SEV. EQUIL TOTAL TOTAL STEP INC OF Dispi. Load
DIS. ITERS ITERS FREQ TIMElLPF TIMElLPF [Inches] [kIps]
1 0 2 2 0.25 0.25 0.25 0.0022 25.0
2 0 1 1 0.5 0.5 0.25 0.0044 50.0
3 0 1 1 0.75 0.75 0.25 0.0066 75.0
4 0 1 1 1 1 0.25 0.0088 100.0
1 0 2 2 1.25 0.25 0.25 0.00883 100.0
2 0 1 1 1.5 0.5 0.25 0.00886 100.0
3 0 1 1 1.75 0.75 0.25 0.0089 100.0
4 0 1 1 2 1 0.25 0.00894 100.0
1 0 1 1 2.01 0.01 0.01 0.0125 140.0
2 0 1 1 2.02 0.02 0.01 0.016 180.0
3 0 1 1 2.03 0.03 0.01 0.0195 220.0
4 0 1 1 2.04 0.04 0.01 0.023 260.0
5 0 1 1 2.05 0.05 0.01 0.0265 300.0
6 0 1 1 2.06 0.06 0.01 0.03 340.0
7 0 1 1 2.07 0.07 0.01 0.0336 380.0
8 0 1 1 2.08 0.08 0.01 0.0371 420.0
9 0 1 1 2.09 0.09 0.01 0.0406 460.0
10 0 1 1 2.1 0.1 0.01 0.0441 500.0
11 0 1 1 2.11 0.11 0.01 0.0476 540.0
12 0 1 1 2.12 0.12 0.01 0.0511 580.0
13 0 1 1 2.13 0.13 0.01 0.0547 620.0
14 0 1 1 2.14 0.14 0.01 0.0582 660.0
15 0 1 1 2.15 0.15 0.01 0.0617 700.0
16 0 1 1 2.16 0.16 0.01 0.0652 740.0
17 0 1 1 2.17 0.17 0.01 0.0687 780.0
18 0 1 1 2.18 0.18 0.01 0.0722 820.0
19 0 1 1 2.19 0.19 0.01 0.0758 860.0
20 0 1 1 2.2 0.2 0.01 0.0793 900.0
21 0 1 1 2.21 0.21 0.01 0.0828 940.0
22 0 1 1 2.22 0.22 0.01 0.0863 980.0
23 0 1 1 2.23 0.23 0.01 0.0898 1020.0
24 0 1 1 2.24 0.24 0.01 0.0933 1060.0
25 0 1 1 2.25 0.25 0.01 0.0968 1100.0
26 0 1 1 2.26 0.26 0.01 0.1 1140.0
27 0 1 1 2.27 0.27 0.01 0.104 1180.0
28 0 1 1 2.28 0.28 0.01 0.107 1220.0
29 0 1 1 2.29 0.29 0.01 0.111 1260.0
30 0 1 1 2.3 0.3 0.01 0.114 1300.0
31 0 1 1 2.31 0.31 0.01 0.118 1340.0
32 0 1 1 2.32 0.32 0.01 0.121 1380.0
33 0 1 1 2.33 0.33 0.01 0.125 1420.0
34 0 1 1 2.34 0.34 0.01 0.128 1460.0
35 0 1 1 2.35 0.35 0.01 0.132 1500.0
36 0 1 1 2.36 0.36 0.01 0.135 1540.0
37 0 1 1 2.37 0.37 0.01 0.139 1580.0
38 0 1 1 2.38 0.38 0.01 0.143 1620.0
39 0 1 1 2.39 0.39 0.01 0.146 1660.0
40 0 1 1 2.4 0.4 0.01 0.15 1700.0
41 0 1 1 2.41 0.41 0.01 0.153 1740.0
42 0 1 1 2.42 0.42 0.01 0.157 1780.0
43 0 1 1 2.43 0.43 0.01 0.16 1820.0
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44 0 1 1 2.44 0.44 0.01 0.164 1860.0
45 0 1 1 2.45 0.45 0.01 0.167 1900.0
46 0 1 1 2.46 0.46 0.01 0.171 1940.0
47 0 1 1 2.47 0.47 0.01 0.174 1980.0
48 0 1 1 2.48 0.48 0.01 0.178 2020.0
49 0 1 1 2.49 0.49 0.01 0.181 2060.0
50 0 1 1 2.5 0.5 0.01 0.185 2100.0
51 0 1 1 2.51 0.51 0.01 0.188 2140.0
52 0 1 1 2.52 0.52 0.01 0.192 2180.0
53 0 1 1 2.53 0.53 0.01 0.195 2220.0
54 0 1 1 2.54 0.54 0.01 0.199 2260.0
55 0 1 1 2.55 0.55 0.01 0.202 2300.0
56 0 1 1 2.56 0.56 0.01 0.206 2340.0
57 0 1 1 2.57 0.57 0.01 0.209 2380.0
58 0 1 1 2.58 0.58 0.01 0.213 2420.0
59 0 1 1 2.59 0.59 0.01 0.216 2460.0
60 0 1 1 2.6 0.6 0.01 0.22 2500.0
61 0 1 1 2.61 0.61 0.01 0.223 2540.0
62 0 1 1 2.62 0.62 0.01 0.227 2580.0
63 0 1 1 2.63 0.63 0.01 0.23 2620.0
64 0 1 1 2.64 0.64 0.01 0.234 2660.0
65 0 1 1 2.65 0.65 0.01 0.237 2700.0
66 0 1 1 2.66 0.66 0.01 0.241 2740.0
67 0 1 1 2.67 0.67 0.01 0.244 2780.0
68 0 1 1 2.68 0.68 0.01 0.248 2820.0
69 0 1 1 2.69 0.69 0.01 0.251 2860.0
70 0 1 1 2.7 0.7 0.01 0.255 2900.0
71 0 1 1 2.71 0.71 0.01 0.258 2940.0
72 0 1 1 2.72 0.72 0.01 0.262 2980.0
73 0 1 1 2.73 0.73 0.01 0.265 3020.0
74 0 1 1 2.74 0.74 0.01 0.269 3060.0
75 0 1 1 2.75 0.75 0.01 0.272 3100.0
76 0 1 1 2.76 0.76 0.01 0.276 3140.0
77 0 2 2 2.77 0.77 0.01 0.279 3180.0
78 0 1 1 2.78 0.78 0.01 0.283 3220.0
79 0 1 1 2.79 0.79 0.01 0.286 3260.0
80 0 2 2 2.8 0.8 0.01 0.29 3300.0
81 0 2 2 2.81 0.81 0.01 0.293 3340.0
82 0 1 1 2.82 0.82 0.01 0.297 3380.0
83 0 2 2 2.83 0.83 0.01 0.301 3420.0
84 0 2 2 2.84 0.84 0.01 0.304 3460.0
85 0 2 2 2.85 0.85 0.01 0.308 3500.0
86 0 2 2 2.86 0.86 0.01 0.311 3540.0
87 0 1 1 2.87 0.87 0.01 0.315 3580.0
88 0 1 1 2.88 0.88 0.01 0.319 3620.0
89 0 2 2 2.89 0.89 0.01 0.322 3660.0
90 0 2 2 2.9 0.9 0.01 0.326 3700.0
91 0 2 2 2.91 0.91 0.01 0.33 3740.0
92 0 2 2 2.92 0.92 0.01 0.333 3780.0
93 0 2 2 2.93 0.93 0.01 0.337 3820.0
94 0 2 2 2.94 0.94 0.01 0.341 3860.0
95 0 2 2 2.95 0.95 0.01 0.346 3900.0
96 0 2 2 2.96 0.96 0.01 0.351 3940.0
97 0 3 3 2.97 0.97 0.01 0.358 3980.0
98 0 4 4 2.97 0.973 0.0025 0.362 3992.0
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APPENDIX B: PARAMETRIC ANALYSIS RESULTS
PHASE 1-A d' =14" tr =3/32"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION:
INC STEP Dlspl. Load
TIMElLPF finches] (kips]
1 0.01 0.000764 12.9
2 0.02 0.00153 25.7
3 0.03 0.00229 38.6
4 0.04 0.00306 51.4
5 0.05 0.00383 64.3
6 0.06 0.00459 77.1
7 0.07 0.00537 90.0
8 0.08 0.00614 102.8
9 0.09 0.00691 115.7
10 0.1 0.00769 128.5
11 0.11 0.00847 141.4
12 0.12 0.00925 154.2
13 0.13 0.01 167.1
14 0.14 0.0108 180.0
15 0.15 0.0116 192.8
16 0.16 0.0124 205.7
17 0.17 0.0132 218.5
18 0.18 0.014 231.4
19 0.19 0.0148 244.2
20 0.2 0.0156 257.1
21 0.21 0.0164 269.9
22 0.22 0.0172 282.8
23 0.23 0.018 295.6
24 0.24 0.0188 308.5
25 0.25 0.0196 321.3
26 0.26 0.0205 334.2
27 0.27 0.0213 347.1
28 0.28 0.0222 359.9
29 0.29 0.023 372.8
30 0.3 0.0239 385.6
31 0.31 0.0247 398.5
32 0.32 0.0256 411.3
33 0.33 0.0264 424.2
34 0.34 0.0273 437.0
35 0.35 0.0282 449.9
36 0.36 0.0291 462.7
37 0.37 0.03 475.6
38 0.38 0.0309 488.4
39 0.39 0.0318 501.3
40 0.4 0.0327 514.2
41 0.41 0.0336 527.0
42 0.42 0.0345 539.9
43 0.43 0.0354 552.7
44 0.44 0.0363 565.6
45 0.45 0.0372 578.4
46 0.46 0.0381 591.3
47 0.47 0.039 604.1
48 0.48 0.0399 617.0
49 0.49 0.0408 629.8
50 0.5 0.0418 642.7
yielding ->
<- I.b.
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INC STEP Dlspl. Load
TIMElLPF finches] (kIps]
51 0.51 0.0427 655.5
52 0.52 0.0436 668.4
53 0.53 0.0445 681.2
54 0.54 0.0454 694.1
55 0.55 0.0464 707.0
56 0.56 0.0473 719.8
57 0.57 0.0482 732.7
58 0.58 0.0491 745.5
59 0.59 0.0501 758.4
60 0.6 0.051 771.2
61 0.61 0.0519 784.1
62 0.62 0.0529 796.9
63 0.63 0.0538 809.8
64 0.64 0.0547 822.6
65 0.65 0.0557 835.5
66 0.66 0.0566 848.3
67 0.67 0.0575 861.2
68 0.68 0.0584 874.1
69 0.69 0.0593 886.9
70 0.7 0.0603 899.8
71 0.71 0.0612 912.6
72 0.72 0.0621 925.5
73 0.73 0.063 938.3
74 0.74 0.064 951.2
75 0.75 0.0649 964.0
76 0.76 0.0658 976.9
77 0.77 0.0668 989.7
78 0.78 0.0677 1002.6
79 0.79 0.0687 1015.4
80 0.8 0.0696 1028.3
81 0.81 0.Q706 1041.2
82 0.82 0.0716 1054.0
83 0.83 0.0725 1066.9
84 0.84 0.0735 1079.7
85 0.85 0.0746 1092.6
86 0.86 0.0756 1105.4
87 0.87 0.0766 1118.3
88 0.88 0.0776 1131.1
89 0.89 0.0786 1144.0
90 0.9 0.0796 1156.8
91 0.91 0.0806 1169.7
92 0.92 0.0817 1182.5
93 0.93 0.0827 1195.4
94 0.94 0.0837 1208.3
95 0.95 0.0847 1221.1
96 0.96 0.0857 1234.0
97 0.97 0.0868 1246.8
98 0.98 0.0878 1259.7
99 0.99 0.0888 1272.5
100 1 0.0898 1285.4
PHASE 1-A d' =14" t =1/8"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC SEV. EQUIL TOTAL
TIMElLPF nnches] [kIps]
1 0.01 0.0011 19.3
2 0.02 0.0022 38.7
3 0.03 0.0033 58.0
4 0.04 0.0044 77.4
5 0.05 0.00551 96.7
6 0.06 0.00661 116.0
7 0.07 0.00772 135.4
8 0.08 0.00883 154.7
9 0.09 0.00994 174.0
10 0.1 0.0111 193.4
11 0.11 0.0122 212.7
12 0.12 0.0133 232.1
13 0.13 0.0144 251.4
14 0.14 0.0156 270.7
15 0.15 0.0167 290.1
16 0.16 0.0178 309.4
17 0.17 0.019 328.7
18 0.18 0.0201 348.1
19 0.19 0.0213 367.4
20 0.2 0.0224 386.8
21 0.21 0.0236 406.1
22 0.22 0.0247 425.4
23 0.23 0.0259 444.8
24 0.24 0.027 464.1
25 0.25 0.0282 483.4
26 0.26 0.0294 502.8
27 0.27 0.0305 522.1
28 0.28 0.0317 541.5
29 0.29 0.0329 560.8
30 0.3 0.0341 580.1
31 0.31 0.0353 599.5
32 0.32 0.0364 618.8
33 0.33 0.0376 638.1
34 0.34 0.0388 657.5
35 0.35 0.04 676.8
36 0.36 0.0412 696.2
37 0.37 0.0424 715.5
38 0.38 0.0436 734.8
39 0.39 0.0448 754.2
40 0.4 0.046 773.5
41 0.41 0.0472 792.8
42 0.42 0.0484 812.2
43 0.423 0.0487 818.0
44 0.426 0.0492 823.8
45 0.432 0.0499 835.4
46 0.44 0.0509 850.9
47 0.45 0.0522 870.2
48 0.46 0.0534 889.5
49 0.47 0.0546 908.9
50 0.48 0.0559 928.2
51 0.49 0.0572 947.5
yielding ->
<- I.b.
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INC SEV. EQUIL TOTAL
TIMElLPF [Inches] [kips]
52 0.5 0.0584 966.9
53 0.51 0.0597 986.2
54 0.52 0.0609 1005.6
55 0.53 0.0622 1024.9
56 0.54 0.0635 1044.2
57 0.55 0.0648 1063.6
58 0.56 0.0662 1082.9
59 0.57 0.0675 1102.2
60 0.58 0.0688 1121.6
61 0.59 0.0701 1140.9
62 0.6 0.0714 1160.3
63 0.61 0.0727 1179.6
64 0.62 0.074 1198.9
65 0.63 0.0753 1218.3
66 0.64 0.0766 1237.6
67 0.65 0.0779 1256.9
68 0.66 0.0793 1276.3
69 0.67 0.0806 1295.6
70 0.68 0.082 1315.0
71 0.69 0.0834 1334.3
72 0.7 0.0849 1353.6
73 0.71 0.0864 1373.0
74 0.72 0.0879 1392.3
75 0.73 0.0894 1411.6
76 0.74 0.0909 1431.0
77 0.75 0.0924 1450.3
78 0.76 0.0939 1469.7
79 0.77 0.0954 1489.0
80 0.78 0.0969 1508.3
81 0.79 0.0985 1527.7
82 0.8 0.1 1547.0
83 0.81 0.101 1566.3
84 0.82 0.103 1585.7
85 0.83 0.105 1605.0
86 0.84 0.106 1624.4
87 0.85 0.108 1643.7
88 0.86 0.109 1663.0
89 0.87 0.111 1682.4
90 0.88 0.112 1701.7
91 0.89 0.114 1721.0
92 0.9 0.115 1740.4
93 0.91 0.117 1759.7
94 0.92 0.119 1779.1
95 0.93 0.12 1798.4
96 0.94 0.122 1817.7
97 0.95 0.123 1837.1
98 0.96 0.125 1856.4
99 0.97 0.126 1875.7
100 0.98 0.128 1895.1
PHASE 1-A d' =14" tc =3/16"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC SEV. EQUIL TOTAL
TIMElLPF [inches] [kips]
1 0.01 0.00409 39.8
2 0.02 0.00817 79.6
3 0.03 0.0123 119.4
4 0.04 0.0163 159.3
5 0.05 0.0204 199.1
6 0.06 0.0245 238.9
7 0.07 0.0286 278.7
8 0.08 0.0327 318.5
9 0.09 0.0368 358.3
10 0.1 0.0409 398.1
11 0.11 0.0449 437.9
12 0.12 0.049 477.8
13 0.13 0.0531 517.6
14 0.14 0.0572 557.4
15 0.15 0.0613 597.2
16 0.16 0.0654 637.0
17 0.17 0.0695 676.8
18 0.18 0.0736 716.6
19 0.19 0.0777 756.4
20 0.2 0.0818 796.3
21 0.21 0.0859 836.1
22 0.22 0.09 875.9
23 0.23 0.0941 915.7
24 0.24 0.0982 955.5
25 0.25 0.102 995.3
26 0.26 0.106 1035.1
27 0.27 0.111 1074.9
28 0.28 0.115 1114.8
29 0.29 0.119 1154.6
30 0.3 0.123 1194.4
31 0.31 0.127 1234.2
32 0.32 0.131 1274.0
33 0.33 0.135 1313.8
34 0.34 0.14 1353.6
35 0.35 0.144 1393.4
36 0.36 0.148 1433.3
37 0.37 0.152 1473.1
38 0.38 0.156 1512.9
39 0.39 0.16 1552.7
40 0.4 0.164 1592.5
41 0.41 0.169 1632.3
42 0.42 0.173 1672.1
43 0.43 0.177 1711.9
44 0.44 0.181 1751.8
45 0.45 0.186 1791.6
46 0.46 0.19 1831.4
47 0.47 0.195 1871.2
48 0.48 0.199 1911.0
49 0.49 0.204 1950.8
50 0.5 0.209 1990.6
51 0.51 0.213 2030.4
I.b.->
<- yiolding
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INC SEV. EaUIL TOTAL
TIMElLPF [Inches] [kIps]
52 0.52 0.218 2070.3
53 0.53 0.223 2110.1
54 0.54 0.227 2149.9
55 0.55 0.232 2189.7
56 0.56 0.237 2229.5
57 0.57 0.242 2269.3
58 0.58 0.247 2309.1
59 0.59 0.251 2348.9
60 0.6 0.256 2388.8
61 0.61 0.262 2428.6
62 0.62 0.267 2468.4
63 0.63 0.272 2508.2
64 0.64 0.278 2548.0
65 0.65 0.284 2587.8
66 0.66 0.29 2627.6
67 0.67 0.296 2667.4
68 0.68 0.302 2707.3
69 0.69 0.309 2747.1
70 0.7 0.316 2786.9
71 0.71 0.328 2826.7
72 0.713 0.332 2838.6
73 0.715 0.336 2846.6
74 0.718 0.341 2858.5
75 0.718 0.344 2858.5
76 0.719 0.349 2862.5
77 0.72 0.356 2866.5
PHASE 1·A d' =14" tr =1/4"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION:
INC SEV. EQUIL TOTAL
TIMElLPF nnches1 [klps1
1 0.01 0.00249 51.2
2 0.02 0.00497 102.4
3 0.03 0.00746 153.6
4 0.04 0.00995 204.8
5 0.05 0.0124 255.9
6 0.06 0.0149 307.1
7 0.07 0.0174 358.3
8 0.08 0.0199 409.5
9 0.09 0.0224 460.7
10 0.1 0.025 511.9
11 0.11 0.0275 563.1
12 0.12 0.03 614.3
13 0.13 0.0325 665.4
14 0.14 0.0351 716.6
15 0.15 0.0376 767.8
16 0.16 0.0401 819.0
17 0.17 0.0427 870.2
18 0.18 0.0453 921.4
19 0.19 0.0478 972.6
20 0.2 0.0504 1023.8
21 0.21 0.053 1074.9
22 0.22 0.0555 1126.1
23 0.23 0.0581 1177.3
24 0.24 0.0607 1228.5
25 0.25 0.0633 1279.7
26 0.26 0.0659 1330.9
27 0.27 0.0685 1382.1
28 0.28 0.0712 1433.3
29 0.29 0.0738 1484.4
30 0.3 0.0764 1535.6
31 0.31 0.079 1586.8
32 0.32 0.0817 1638.0
33 0.33 0.0843 1689.2
34 0.34 0.087 1740.4
35 0.35 0.0896 1791.6
36 0.36 0.0923 1842.8
37 0.37 0.0949 1893.9
38 0.38 0.0976 1945.1
39 0.39 0.1 1996.3
40 0.4 0.103 2047.5
41 0.41 0.106 2098.7
42 0.42 0.108 2149.9
43 0.43 0.111 2201.1
44 0.44 0.113 2252.3
45 0.45 0.116 2303.4
46 0.46 0.119 2354.6
47 0.47 0.121 2405.8
48 0.48 0.124 2457.0
49 0.49 0.126 2508.2
50 0.5 0.129 2559.4
51 0.51 0.132 2610.6
I.b.->
<- yielding
li9
INC SEV. EQUIL TOTAL
TIMElLPF nnches] [kIps]
52 0.52 0.134 2661.8
53 0.53 0.137 2712.9
54 0.54 0.139 2764.1
55 0.55 0.142 2815.3
56 0.56 0.145 2866.5
57 0.57 0.148 2917.7
58 0.58 0.15 2968.9
59 0.59 0.154 3020.1
60 0.6 0.157 3071.3
61 0.61 0.16 3122.4
62 0.62 0.163 3173.6
63 0.63 0.166 3224.8
64 0.64 0.17 3276.0
65 0.65 0.173 3327.2
66 0.66 0.176 3378.4
67 0.67 0.185 3429.6
68 0.68 0.189 3480.8
69 0.69 0.194 3531.9
70 0.7 0.198 3583.1
71 0.71 0.203 3634.3
72 0.72 0.208 3685.5
73 0.73 0.213 3736.7
74 0.74 0.219 3787.9
75 0.75 0.224 3839.1
76 0.76 0.229 3890.3
77 0.77 0.234 3941.4
78 0.78 0.239 3992.6
79 0.79 0.244 4043.8
80 0.8 0.248 4095.0
81 0.81 0.253 4146.2
82 0.82 0.258 4197.4
83 0.83 0.263 4248.6
84 0.84 0.269 4299.8
85 0.85 0.274 4350.9
86 0.86 0.28 4402.1
87 0.87 0.286 4453.3
88 0.88 0.292 4504.5
89 0.89 0.298 4555.7
90 0.9 0.305 4606.9
91 0.91 0.311 4658.1
92 0.92 0.317 4709.3
93 0.93 0.324 4760.4
94 0.94 0.33 4811.6
95 0.95 0.337 4862.8
96 0.96 0.344 4914.0
97 0.97 0.351 4965.2
98 0.98 0.359 5016.4
99 0.99 0.367 5067.6
100 1 0.375 5118.8
PHASE 1-A d' =14" t. = 5/16"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC SEV. EQUIL TOTAL
TIMElLPF nnches] [kIps]
1 0.01 0.00284 62.6
2 0.02 0.00567 125.1
3 0.03 0.00851 187.7
4 0.04 0.0114 250.3
5 0.05 0.0142 312.8
6 0.06 0.017 375.4
7 0.07 0.0199 437.9
8 0.08 0.0227 500.5
9 0.09 0.0256 563.1
10 0.1 0.0284 625.6
11 0.11 0.0313 688.2
12 0.12 0.0342 750.8
13 0.13 0.037 813.3
14 0.14 0.0399 875.9
15 0.15 0.0428 938.4
16 0.16 0.0456 1001.0
17 0.17 0.0485 1063.6
18 0.18 0.0514 1126.1
19 0.19 0.0543 1188.7
20 0.2 0.0572 1251.3
21 0.21 0.0601 1313.8
22 0.22 0.0631 1376.4
23 0.23 0.066 1438.9
24 0.24 0.0689 1501.5
25 0.25 0.0718 1564.1
26 0.26 0.0748 1626.6
27 0.27 0.0777 1689.2
28 0.28 0.0807 1751.8
29 0.29 0.0836 1814.3
30 0.3 0.0866 1876.9
31 0.31 0.0895 1939.4
32 0.32 0.0925 2002.0
33 0.33 0.0955 2064.6
34 0.34 0.0985 2127.1
35 0.35 0.101 2189.7
36 0.36 0.104 2252.3
37 0.37 0.107 2314.8
38 0.38 0.11 2377.4
39 0.39 0.113 2439.9
40 0.4 0.116 2502.5
41 0.41 0.119 2565.1
42 0.42 0.122 2627.6
43 0.43 0.125 2690.2
44 0.44 0.128 2752.8
45 0.45 0.131 2815.3
46 0.46 0.134 2877.9
47 0.47 0.137 2940.4
48 0.48 0.14 3003.0
49 0.49 0.143 3065.6
50 0.5 0.146 3128.1
51 0.51 0.149 3190.7
I.b.->
<- yielding
180
INC SEV. EQUIL TOTAL
TIMElLPF nnches] [kIps]
52 0.52 0.152 3253.3
53 0.53 0.155 3315.8
54 0.54 0.158 3378.4
55 0.55 0.161 3440.9
56 0.56 0.164 3503.5
57 0.57 0.167 3566.1
58 0.58 0.171 3628.6
59 0.59 0.174 3691.2
60 0.6 0.178 3753.8
61 0.61 0.182 3816.3
62 0.62 0.186 3878.9
63 0.63 0.189 3941.4
64 0.64 0.193 4004.0
65 0.65 0.197 4066.6
66 0.66 0.201 4129.1
67 0.67 0.206 4191.7
68 0.68 0.21 4254.3
69 0.69 0.215 4316.8
70 0.7 0.22 4379.4
71 0.71 0.225 4441.9
72 0.72 0.23 4504.5
73 0.73 0.235 4567.1
74 0.74 0.24 4629.6
75 0.75 0.246 4692.2
76 0.76 0.251 4754.8
77 0.77 0.257 4817.3
78 0.78 0.262 4879.9
79 0.79 0.268 4942.4
80 0.8 0.274 S005.0
81 0.81 0.279 S067.6
82 0.82 0.286 5130.1
83 0.83 0.293 5192.7
84 0.84 0.3 5255.3
85 0.85 0.311 5317.8
86 0.86 0.324 5380.4
87 0.87 0.336 5442.9
88 0.88 0.352 5505.5
89 0.89 0.378 5568.1
90 0.893 0.384 5586.8
91 0.896 0.395 5605.6
92 0.898 0.401 5618.1
93 0.9 0.417 5630.6
94 0.901 0.424 5636.9
95 0.902 0.44 5643.1
96 0.904 0.458 5655.7
PHASE 1-A d' =14" tr =3/8"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC SEV. EQUIL TOTAL
TIMElLPF [Inches] (kips]
1 0.01 0.0029 68.3
2 0.02 0.00581 136.5
3 0.03 0.00871 204.8
4 0.04 0.0116 273.0
5 0.05 0.0145 341.3
6 0.06 0.0174 409.5
7 0.07 0.0203 4n.8
8 0.08 0.0232 546.0
9 0.09 0.0261 614.3
10 0.1 0.0291 682.5
11 0.11 0.032 75o.B
12 0.12 0.0349 819.0
13 0.13 0.0378 887.3
14 0.14 0.0407 955.5
15 0.15 0.0437 1023.8
16 0.16 0.0466 1092.0
17 0.17 0.0495 1160.3
18 0.18 0.0525 1228.5
19 0.19 0.0554 1296.8
20 0.2 0.0583 1365.0
21 0.21 0.0613 1433.3
22 0.22 0.0643 1501.5
23 0.23 0.0672 1569.8
24 0.24 0.0702 1638.0
25 0.25 0.0731 1706.3
26 0.26 0.0761 1n4.5
27 0.27 0.0791 1842.8
28 0.28 0.0821 1911.0
29 0.29 0.0851 1979.3
30 0.3 0.088 2047.5
31 0.31 0.091 2115.8
32 0.32 0.094 2184.0
33 0.33 0.097 2252.3
34 0.34 0.1 2320.5
35 0.35 0.103 2388.8
36 0.36 0.106 2457.0
37 0.37 0.109 2525.3
38 0.38 0.112 2593.5
39 0.39 0.115 2661.8
40 0.4 0.118 2730.0
41 0.41 0.121 2798.3
42 0.42 0.124 2866.5
43 0.43 0.127 2934.8
44 0.44 0.13 3003.0
45 0.45 0.133 3071.3
46 0.46 0.136 3139.5
47 0.47 0.139 3207.8
48 0.48 0.143 3276.0
49 0.49 0.146 3344.3
50 0.5 0.148 3412.5
51 051 0.151 3480.8
global ylolding->
<- yielding
181
INC SEV. EQUIL TOTAL
TIMElLPF £Inches] (kIps]
52 0.52 0.154 3549.0
53 0.53 0.157 3617.3
54 0.54 0.16 3685.5
55 0.55 0.163 3753.8
56 0.56 0.166 3822.0
57 0.57 0.169 3890.3
58 0.58 0.172 3958.5
59 0.59 0.175 4026.8
60 0.6 0.179 4095.0
61 0.61 0.182 4163.3
62 0.62 0.186 4231.5
63 0.63 0.189 4299.8
64 0.64 0.193 4368.0
65 0.65 0.197 4436.3
66 0.66 0.201 4504.5
67 0.67 0.205 4572.8
68 0.68 0.209 4641.0
69 0.69 0.214 4709.3
70 0.7 0.218 4m.5
71 0.71 0.223 4845.8
72 0.72 0.228 4914.0
73 0.73 0.233 4982.3
74 0.74 0.238 5050.5
75 0.75 0.244 5118.8
76 0.76 0.25 5187.0
77 0.77 0.255 5255.3
78 0.78 0.261 5323.5
79 0.79 0.267 5391.8
80 0.8 0.273 5460.0
81 0.81 0.278 5528.3
82 0.82 0.285 5596.5
83 0.83 0.291 5664.8
84 0.84 0.298 5733.0
85 0.85 0.306 5801.3
86 0.86 0.318 5869.5
87 0.87 0.341 5937.8
68 0.88 0.362 6006.0
89 0.89 0.394 6074.3
90 0.893 0.408 6094.7
91 0.896 0.451 6115.2
92 0.897 0.458 6122.0
93 0.898 0.465 6128.9
94 0.9 0.494 6142.5
95 0.9 0.508 6142.5
96 0.9 0.515 6142.5
97 0.9 0.518 6142.5
PHASE 1-8 d' =15.5" t r =3/32"
ABAOUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC STEP Displ. Load
TIMElLPF nnches] [kIps]
1 0.01 0.000628 10.7
2 0.02 0.00126 21.5
3 0.03 0.00189 32.2
4 0.04 0.00252 43.0
5 0.05 0.00315 53.7
6 0.06 0.00378 64.5
7 0.07 0.00441 75.2
8 0.08 0.00504 86.0
9 0.09 0.00567 96.7
10 0.1 0.00631 107.4
11 0.11 0.00694 118.2
12 0.12 0.00758 128.9
13 0.13 0.00821 139.7
14 0.14 0.00885 15Q.4
15 0.15 0.00949 161.2
16 0.16 0.0101 171.9
17 0.17 0.0108 182.7
18 0.18 0.0114 193.4
19 0.19 0.0121 204.1
20 0.2 0.0127 214.9
21 0.21 0.0134 225.6
22 0.22 0.014 236.4
23 0.23 0.0147 247.1
24 0.24 0.0153 257.9
25 0.25 0.016 268.6
26 0.253 0.0161 271.8
27 0.256 0.0164 275.1
28 0.262 0.0167 281.5
29 0.268 0.0171 288.0
30 0.273 0.0175 293.3
31 0.282 0.0181 303.0
32 0.292 0.0188 313.7
33 0.302 0.0194 324.5
34 0.312 0.0201 335.2
35 0.322 0.0208 346.0
36 0.332 0.0215 356.7
37 0.334 0.0217 358.9
38 0.338 0.0219 363.2
39 0.343 0.0223 368.5
40 0.352 0.023 378.2
41 0.362 0.0237 389.0
42 0.372 0.0244 399.7
43 0.382 0.0251 410.4
44 0.392 0.0259 421.2
45 0.402 0.0266 431.9
46 0.412 0.0273 442.7
47 0.422 0.0281 453.4
48 0.432 0.0288 464.2
49 0.442 0.0296 474.9
50 0.452 0.0303 485.7
51 0.462 0.0311 496.4
yielding->
<- I.b.
182
INC STEP Displ. Load
TIMElLPF nnchesl [kips]
52 0.472 0.0318 507.1
53 0.482 0.0325 517.9
54 0.492 0.0333 528.6
55 0.502 0.034 539.4
56 0.512 0.0348 550.1
57 0.522 0.0356 560.9
58 0.532 0.0363 571.6
59 0.542 0.0371 582.4
60 0.552 0.0378 593.1
61 0.562 0.0386 603.8
62 0.572 0.0393 614.6
63 0.582 0.0401 625.3
64 0.592 0.0408 636.1
65 0.602 0.0416 646.8
66 0.612 0.0424 657.6
67 0.622 0.0431 668.3 .
68 0.632 0.0439 679.1
69 0.642 0.0447 689.8
70 0.652 0.0454 700.5
71 0.662 0.0462 711.3
72 0.672 0.047 722.0
73 0.682 0.0477 732.8
74 0.692 0.0485 743.5
75 0.702 0.0493 754.3
76 0.712 0.05 765.0
77 0.722 0.0508 775.8
78 0.732 0.0516 786.5
79 0.742 0.0524 797.2
80 0.752 0.0531 808.0
81 0.762 0.0539 818.7
82 0.772 0.0547 829.5
83 0.782 0.0554 840.2
84 0.792 0.0562 851.0
85 0.802 0.057 861.7
86 0.812 0.0578 872.5
87 0.822 0.0586 883.2
88 0.832 0.0593 893.9
89 0.842 0.0601 904.7
90 0.852 0.0609 915.4
91 0.862 0.0616 926.2
92 0.872 0.0624 936.9
93 0.882 0.0632 947.7
94 0.892 0.064 958.4
95 0.902 0.0647 969.2
96 0.912 0.0655 979.9
97 0.922 0.0663 990.6
98 0.932 0.0671 1001.4
99 0.942 0.0679 1012.1
100 0.952 0.0687 1022.9
PHASE 1-8 d' =15.5" te =1/8"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION:
INC STEP Clspl. Load
TIMElLPF [Inches] [kIps]
1 0.01 0.00172 30.9
2 0.02 0.00345 61.8
3 0.03 0.00517 92.6
4 0.04 0.0069 123.5
5 0.05 0.00863 154.4
6 0.06 0.0104 185.3
7 0.07 0.0121 216.1
8 0.08 0.0139 247.0
9 0.09 0.0156 277.9
10 0.1 0.0174 308.8
11 0.11 0.0191 339.6
12 0.12 0.0209 370.5
13 0.13 0.0227 401.4
14 0.14 0.0245 432.3
15 0.15 0.0263 463.1
16 0.16 0.0281 494.0
17 0.17 0.0299 524.9
18 0.18 0.0317 555.8
19 0.19 0.0335 586.6
20 0.2 0.0353 617.5
21 0.21 0.0372 648.4
22 0.22 0.039 679.3
23 0.23 0.0409 710.1
24 0.24 0.0428 741.0
25 0.25 0.0447 771.9
26 0.26 0.0466 802.8
27 0.27 0.0486 833.6
28 0.28 0.0506 864.5
29 0.29 0.0527 895.4
30 0.3 0.0547 926.3
31 0.31 0.0568 957.1
32 0.32 0.0588 988.0
33 0.33 0.0609 1018.9
34 0.34 0.063 1049.8
35 0.35 0.0651 1080.6
36 0.36 0.0671 1111.5
37 0.37 0.0692 1142.4
38 0.38 0.0713 1173.3
39 0.39 0.0734 1204.1
40 0.4 0.0755 1235.0
41 0.41 0.0777 1265.9
42 0.42 0.0799 1296.8
43 0.43 0.0821 1327.6
44 0.44 0.0844 1358.5
45 0.45 0.0868 1389.4
46 0.46 0.0892 1420.3
47 0.47 0.0916 1451.1
48 0.48 0.094 1482.0
49 0.49 0.0964 1512.9
50 0.5 0.0989 1543.8
51 0.51 0.101 1574.6
<- I.b.
<- yielding
183
INC STEP Clspl. Load
TIMElLPF [Inches] [kIps]
52 0.52 0.104 1605.5
53 0.53 0.106 1636.4
54 0.54 0.109 1667.3
55 0.55 0.111 1698.1
56 0.56 0.114 1729.0
57 0.57 0.116 1759.9
58 0.58 0.119 1790.8
59 0.59 0.121 1821.6
60 0.6 0.124 1852.5
61 0.61 0.126 1883.4
62 0.62 0.129 1914.3
63 0.63 0.131 1945.1
64 0.64 0.134 1976.0
65 0.65 0.137 2006.9
66 0.66 0.139 2037.8
67 0.67 0.142 2068.6
68 0.68 0.145 2099.5
69 0.69 0.147 2130.4
70 0.7 0.15 2161.3
71 0.71 0.153 2192.1
72 0.72 0.156 2223.0
73 0.73 0.158 2253.9
74 0.74 0.161 2284.8
75 0.75 0.164 2315.6
76 0.76 0.167 2346.5
77 0.77 0.17 2377.4
78 0.78 0.172 2408.3
79 0.79 0.175 2439.1
80 0.8 0.178 2470.0
81 0.81 0.181 2500.9
82 0.82 0.184 2531.8
83 0.83 0.187 2562.6
84 0.84 0.19 2593.5
85 0.85 0.193 2624.4
86 0.86 0.196 2655.3
87 0.87 0.199 2686.1
88 0.88 0.202 2717.0
89 0.89 0.205 2747.9
90 0.9 0.208 2778.8
91 0.91 0.211 2809.6
PHASE 1-8 d' =15.5" t =3/16"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC STEP Dlspl. Load
TIMElLPF [Inches] [kIps]
1 0.01 0.00189 37.1
2 0.02 0.00379 74.1
3 0.03 0.00568 111.2
4 0.04 0.00758 148.2
5 0.05 0.00948 185.3
6 0.06 0.0114 222.3
7 0.07 0.0133 259.4
8 0.08 0.0152 296.4
9 0.09 0.0171 333.5
10 0.1 0.019 370.5
11 0.11 0.0209 407.6
12 0.12 0.0228 444.6
13 0.13 0.0248 481.7
14 0.14 0.0267 518.7
15 0.15 0.0286 555.8
16 0.16 0.0305 592.8
17 0.17 0.0325 629.9
18 0.18 0.0344 666.9
19 0.19 0.0364 704.0
20 0.2 0.0383 741.0
21 0.21 0.0403 778.1
22 0.22 0.0422 815.1
23 0.23 0.0442 852.2
24 0.24 0.0462 889.2
25 0.25 0.0481 926.3
26 0.26 0.0501 963.3
27 0.27 0.0521 1000.4
28 0.28 0.0541 1037.4
29 0.29 0.0561 1074.5
30 0.3 0.0581 1111.5
31 0.31 0.0601 1148.6
32 0.32 0.0621 1185.6
33 0.33 0.0641 1222.7
34 0.34 0.0661 1259.7
35 0.35 0.0681 1296.8
36 0.36 0.0701 1333.8
37 0.37 0.0721 1370.9
38 0.38 0.0742 1407.9
39 0.39 0.0762 1445.0
40 0.4 0.0782 1482.0
41 0.41 0.0802 1519.1
42 0.42 0.0823 1556.1
43 0.43 0.0843 1593.2
44 0.44 0.0864 1630.2
45 0.45 0.0884 1667.3
46 0.46 0.0904 1704.3
47 0.47 0.0925 1741.4
48 0.48 0.0945 1778.4
49 0.49 0.0966 1815.5
50 0.5 0.0986 1852.5
51 0.51 0.101 1889.6
I.b.->
<- yielding
184
INC STEP Clspl. Load
TIMElLPF [Inches] [kIps]
52 0.52 0.103 1926.6
53 0.53 0.105 1963.7
54 0.54 0.107 2000.7
55 0.55 0.109 2037.8
56 0.56 0.111 2074.8
57 0.57 0.113 2111.9
58 0.573 0.113 2123.0
59 0.576 0.114 2134.1
60 0.578 0.114 2141.5
61 0.58 0.118 2148.9
62 0.58 0.118 2148.9
63 0.581 0.119 2152.6
64 0.581 0.119 2152.6
65 0.582 0.119 2156.3
66 0.583 0.119 2160.0
67 0.585 0.12 2167.4
68 0.588 0.121 2178.5
69 0.592 0.122 2193.4
70 0.598 0.124 2215.6
71 0.607 0.127 2248.9
72 0.617 0.13 2286.0
73 0.627 0.133 2323.0
74 0.637 0.136 2360.1
75 0.647 0.139 2397.1
76 0.657 0.142 2434.2
77 0.667 0.145 2471.2
78 0.677 0.148 2508.3
79 0.687 0.151 2545.3
80 0.697 0.154 2582.4
81 0.707 0.157 2619.4
82 0.717 0.16 2656.5
83 0.727 0.163 2693.5
84 0.737 0.166 2730.6
85 0.747 0.169 2767.6
86 0.757 0.172 2804.7
87 0.767 0.175 2841.7
88 0.777 0.178 2878.8
89 0.787 0.182 2915.8
90 0.797 0.185 2952.9
91 0.807 0.188 2989.9
92 0.817 0.191 3027.0
93 0.827 0.194 3064.0
94 0.637 0.198 3101.1
95 0.847 0.201 3138.1
96 0.857 0.204 3175.2
97 0.867 0.207 3212.2
98 0.877 0.211 3249.3
99 0.887 0.214 3286.3
100 0.897 0.218 3323.4
PHASE 1-8 d' =15.5" t r =1/4"
ABAOUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC STEP DlspJ. Load
TIMElLPF [Inches] [kIps]
1 0.01 0.00254 53.8
2 0.02 0.00509 107.7
3 0.03 0.00763 161.5
4 0.04 0.0102 215.4
5 0.05 0.0127 269.2
6 0.06 0.0153 323.1
7 0.07 0.0178 376.9
8 0.08 0.0204 430.8
9 0.09 0.0229 484.6
10 0.1 0.0255 538.5
11 0.11 0.028 592.3
12 0.12 0.0306 646.2
13 0.13 0.0332 700.0
14 0.14 0.0358 753.8
15 0.15 0.0383 807.7
16 0.16 0.0409 861.5
17 0.17 0.0435 915.4
18 0.18 0.0461 969.2
19 0.19 0.0487 1023.1
20 0.2 0.0513 1076.9
21 0.21 0.0539 113Q.8
22 0.22 0.0565 1184.6
23 0.23 0.0591 1238.5
24 0.24 0.0618 1292.3
25 0.25 0.0644 1346.2
26 0.26 0.067 1400.0
27 0.27 0.0697 1453.8
28 0.28 0.0723 1507.7
29 0.29 0.Q75 1561.5
30 0.3 0.0776 1615.4
31 0.31 0.0803 1669.2
32 0.32 0.0829 1723.1
33 0.33 0.0856 1776.9
34 0.34 0.0883 1830.8
35 0.35 0.091 1884.6
36 0.36 0.0936 1938.5
37 0.37 0.0963 1992.3
38 0.38 0.099 2046.1
39 0.39 0.102 2100.0
40 0.4 0.104 2153.8
41 0.41 0.107 2207.7
42 0.42 0.11 2261.5
43 0.43 0.113 2315.4
44 0.44 0.115 2369.2
45 0.45 0.118 2423.1
46 0.46 0.121 2476.9
47 0.47 0.123 2530.8
48 0.48 0.126 2584.6
49 0.49 0.129 2638.5
50 0.5 0.131 2692.3
51 0.51 0.134 2746.1
J.b.->
<- yielding
185
INC STEP Displ. Load
TIMElLPF [Inches] [kIps]
52 0.52 0.136 2800.0
53 0.53 0.139 2853.8
54 0.54 0.142 2907.7
55 0.55 0.145 2961.5
56 0.56 0.147 3015.4
57 0.57 0.15 3069.2
58 0.58 0.153 3123.1
59 0.583 0.154 3139.2
60 0.586 0.155 3155.4
61 0.592 0.157 3187.7
62 0.594 0.158 3198.5
63 0.594 0.158 3198.5
64 0.594 0.158 3198.5
65 0.594 0.158 3198.5
66 0.594 0.158 3198.5
67 0.594 0.158 3198.5
68 0.594 0.158 3198.5
PHASE 1-8 d' =15.5" t r =5/16"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC STEP Dlspl. Load
TIMElLPF [Inches] [Idps]
1 0.01 0.00271 61.8
2 0.02 0.00542 123.5
3 0.03 0.00813 185.3
4 0.04 0.0108 247.0
5 0.05 0.0136 308.8
6 0.06 0.0163 370.5
7 0.07 0.019 432.3
8 0.08 0.0217 494.0
9 0.09 0.0244 555.8
10 0.1 0.0271 617.5
11 0.11 0.0299 679.3
12 0.12 0.0326 741.0
13 0.13 0.0353 802.8
14 0.14 0.038 864.5
15 0.15 0.0408 926.3
16 0.16 0.0435 988.0
17 0.17 0.0463 1049.8
18 0.18 0.049 1111.5
19 0.19 0.0517 1173.3
20 0.2 0.0545 1235.0
21 0.21 0.0573 1296.8
22 0.22 0.06 1358.5
23 0.23 0.0628 1420.3
24 0.24 0.0655 1482.0
25 0.25 0.0683 1543.8
26 0.26 0.0711 1605.5
27 0.27 0.0739 1667.3
28 0.28 0.0766 1729.0
29 0.29 0.0794 1790.8
30 0.3 0.0822 1852.5
31 0.31 0.085 1914.3
32 0.32 0.0878 1976.0
33 0.33 0.0906 2037.8
34 0.34 0.0934 2099.5
35 0.35 0.0962 2161.3
36 0.36 0.099 2223.0
37 0.37 0.102 2284.8
38 0.38 0.105 2346.5
39 0.39 0.108 2408.3
40 0.4 0.11 2470.0
41 0.41 0.113 2531.8
42 0.42 0.116 2593.5
43 0.43 0.119 2655.3
44 0.44 0.122 2717.0
45 0.45 0.125 2778.8
46 0.46 0.127 2840.5
47 0.47 0.13 2902.3
48 0.48 0.133 2964.0
49 0.49 0.136 3025.8
50 0.5 0.139 3087.5
51 0.51 0.142 3149.3
I.b.->
<- yielding
186
INC STEP Dlspl. Load
TIMElLPF [Inches] [kIps]
52 0.52 0.144 3211.0
53 0.53 0.147 3272.8
54 0.54 0.15 3334.5
55 0.55 0.153 3396.3
56 0.56 0.156 3458.0
57 0.57 0.158 3519.8
58 0.58 0.161 3581.5
59 0.59 0.164 3643.3
60 0.6 0.167 3705.0
61 0.61 0.17 3766.8
62 0.62 0.174 3828.5
63 0.63 0.177 3890.3
64 0.64 0.181 3952.0
65 0.65 0.184 4013.8
66 0.66 0.188 4075.5
67 0.67 0.192 4137.3
68 0.68 0.195 4199.0
69 0.69 0.199 4260.8
70 0.7 0.204 4322.5
71 0.71 0.208 4384.3
72 0.72 0.213 4446.0
73 0.73 0.217 4507.8
74 0.74 0.223 4569.5
75 0.75 0.229 4631.3
76 0.753 0.232 4649.8
77 0.755 0.238 4662.1
78 .0.758 0.24 4680.7
79 0.76 0.242 4693.0
80 0.763 0.244 4711.5
81 0.765 0.245 4723.9
82 0.769 0.248 4748.6
83 0.774 0.251 4779.5
84 0.783 0.257 4835.0
85 0.793 0.263 4896.8
86 0.803 0.269 4958.5
87 0.813 0.276 5020.3
88 0.823 0.284 5082.0
89 0.833 0.292 5143.8
90 0.843 0.3 5205.5
91 0.853 0.308 5267.3
92 0.863 0.316 5329.0
93 0.873 0.324 5390.8
94 0.883 0.332 5452.5
95 0.893 0.339 5514.3
96 0.903 0.348 5576.0
97 0.913 0.357 5637.8
98 0.923 0.367 5699.5
99 0.933 0.379 5761.3
100 0.943 0.392 5823.0
PHASE 1-8 d' =15.5" t r =3/8"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC STEP Dlspl. Load
TIMElLPF [Inches] [kIps]
1 0.01 0.00264 64.2
2 0.02 0.00527 128.4
3 0.03 0.00791 192.7
4 0.04 0.0105 256.9
5 0.05 0.0132 321.1
6 0.06 0.0158 385.3
7 0.07 0.0185 449.5
8 0.08 0.0211 513.8
9 0.09 0.0237 578.0
10 0.1 0.0264 642.2
11 0.11 0.029 706.4
12 0.12 0.0317 770.6
13 0.13 0.0343 834.9
14 0.14 0.0369 899.1
15 0.15 0.0396 963.3
16 0.16 0.0422 1027.5
17 0.17 0.0449 1091.7
18 0.18 0.0475 1156.0
19 0.19 0.0502 1220.2
20 0.2 0.0528 1284.4
21 0.21 0.0555 1348.6
22 0.22 0.0582 1412.8
23 0.23 0.0608 1477.1
24 0.24 0.0635 1541.3
25 0.25 0.0662 1605.5
26 0.26 0.0688 1669.7
27 0.27 0.0715 1733.9
28 0.28 0.0742 1798.2
29 0.29 0.0769 1862.4
30 0.3 0.0795 1926.6
31 0.31 0.0822 1990.8
32 0.32 0.0849 2055.0
33 0.33 0.0876 2119.3
34 0.34 0.0903 2183.5
35 0.35 0.093 2247.7
36 0.36 0.0957 2311.9
37 0.37 0.0984 2376.1
38 0.38 0.101 2440.4
39 0.39 0.104 2504.6
40 0.4 0.107 2568.8
41 0.41 0.109 2633.0
42 .0.42 0.112 2697.2
43 0.43 0.115 2761.5
44 0.44 0.117 2825.7
45 0.45 0.12 2889.9
46 0.46 0.123 2954.1
47 0.47 0.126 3018.3
48 0.48 0.128 3082.6
49 0.49 0.131 3146.8
50 0.5 0.134 3211.0
51 0.51 0.136 3275.2
yielding ->
I.b.->
187
INC STEP Displ. Load
TIMElLPF [Inches] [kIps]
52 0.52 0.139 3339.4
53 0.53 0.142 3403.7
54 0.54 0.145 3467.9
55 0.55 0.147 3532.1
56 0.56 0.15 3596.3
57 0.57 0.153 3660.5
58 0.58 0.156 3724.8
59 0.59 0.158 3789.0
60 0.6 0.161 3853.2
61 0.61 0.164 3917.4
62 0.62 0.166 3981.6
63 0.63 0.169 4045.9
64 0.64 0.172 4110.1
65 0.65 0.175 4174.3
66 0.66 0.177 4238.5
67 0.67 0.18 4302.7
68 0.68 0.183 4367.0
69 0.69 0.186 4431.2
70 0.7 0.19 4495.4
71 0.71 0.193 4559.6
72 0.72 0.197 4623.8
73 0.73 0.2 4688.1
74 0.74 0.204 4752.3
75 0.75 0.208 4816.5
76 0.76 0.212 4880.7
77 0.77 0.216 4944.9
78 0.78 0.22 5009.2
79 0.79 0.224 5073.4
80 0.8 0.229 5137.6
81 0.81 0.233 5201.8
82 0.82 0.238 5266.0
83 0.83 0.242 5330.3
84 0.84 0.247 5394.5
85 0.85 0.253 5458.7
86 0.86 0.258 5522.9
87 0.87 0.263 5587.1
88 0.88 0.268 5651.4
89 0.89 0.273 5715.6
90 0.9 0.278 5779.8
91 0.91 0.283 5844.0
92 0.92 0.289 5908.2
93 0.93 0.294 5972.5
94 0.94 0.3 6036.7
95 0.95 0.306 6100.9
96 0.96 0.315 6165.1
97 0.97 0.336 6229.3
98 0.98 0.356 6293.6
99 0.99 0.383 6357.8
100 1 0.415 6422.0
PHASE 1-8 d' =15.5" t =1/2"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC STEP Displ. Load
TIMElLPF [Inches] [kIps]
1 0.01 0.0027 74.1
2 0.02 0.00539 148.2
3 0.03 0.00808 222.3
4 0.04 0.0108 296.4
5 0.05 0.0135 370.5
6 0.06 0.0162 444.6
7 0.07 0.0189 518.7
8 0.08 0.0216 592.8
9 0.09 0.0242 666.9
10 0.1 0.0269 741.0
11 0.11 0.0296 815.1
12 0.12 0.0323 889.2
13 0.13 0.035 963.3
14 0.14 0.0377 1037.4
15 0.15 0.0404 1111.5
16 0.16 0.0431 1185.6
17 0.17 0.0458 1259.7
18 0.18 0.0485 1333.8
19 0.19 0.0512 1407.9
20 0.2 0.0539 1482.0
21 0.21 0.0566 1556.1
22 0.22 0.0593 1630.2
23 0.23 0.062 1704.3
24 0.24 0.0647 1778.4
25 0.25 0.0674 1852.5
26 0.26 0.0701 1926.6
27 0.27 0.0728 2000.7
28 0.28 0.0756 2074.8
29 0.29 0.0783 2148.9
30 0.3 0.081 2223.0
31 0.31 0.0837 2297.1
32 0.32 0.0864 2371.2
33 0.33 0.0891 2445.3
34 0.34 0.0918 2519.4
35 0.35 0.0946 2593.5
36 0.36 0.0973 2667.6
37 0.37 0.1 2741.7
38 0.38 0.103 2815.8
39 0.39 0.105 2889.9
40 0.4 0.108 2964.0
41 0.41 0.111 3038.1
42 0.42 0.114 3112.2
43 0.43 0.116 3186.3
44 0.44 0.119 3260.4
45 0.45 0.122 3334.5
46 0.46 0.125 3408.6
47 0.47 0.127 3482.7
48 0.48 0.13 3556.8
49 0.49 0.133 3630.9
50 0.5 0.136 3705.0
51 0.51 0.138 3779.1
yielding -->
global yielding -->
ISS
INC STEP Displ. Load
TIMElLPF [inches] [kIps]
52 0.52 0.141 3853.2
53 0.53 0.144 3927.3
54 0.54 0.147 4001.4
55 0.55 0.149 4075.5
56 0.56 0.152 4149.6
57 0.57 0.155 4223.7
58 0.58 0.158 4297.8
59 0.59 0.16 4371.9
60 0.6 0.163 4446.0
61 0.61 0.166 4520.1
62 0.62 0.169 4594.2
63 0.63 0.171 4668.3
64 0.64 0.174 4742.4
65 0.65 0.177 4816.5
66 0.66 0.18 4890.6
67 0.67 0.182 4964.7
68 0.68 0.185 5038.8
69 0.69 0.188 5112.9
70 0.7 0.191 5187.0
71 0.71 0.193 5261.1
72 0.72 0.196 5335.2
73 0.73 0.199 5409.3
74 0.74 0.202 5483.4
75 0.75 0.204 5557.5
76 0.76 0.208 5631.6
77 0.77 0.211 5705.7
78 0.78 0.214 5779.8
79 0.79 0.218 5853.9
80 0.8 0.222 5928.0
81 0.81 0.225 6002.1
82 0.82 0.229 6076.2
83 0.83 0.234 6150.3
84 0.84 0.238 6224.4
85 0.85 0.243 6298.5
86 0.86 0.248 6372.6
87 0.87 0.253 6446.7
88 0.88 0.258 6520.8
89 0.89 0.263 6594.9
90 0.9 0.269 6669.0
91 0.91 0.274 6743.1
92 0.92 0.28 6817.2
93 0.93 0.285 6891.3
94 0.94 0.291 6965.4
95 0.95 0.296 7039.5
96 0.96 0.302 7113.6
97 0.97 0.309 7187.7
98 0.98 0.319 7261.8
99 0.99 0.349 7335.9
100 0.993 0.361 7358.1
PHASE 1-C d' =17" t r =3/32"
ABACUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC STEP Clsp!. Load
TIMElLPF nnches1 [klps1
1 0.01 0.000767 13.3
2 0.02 0.00154 26.7
3 0.03 0.0023 40.0
4 0.04 0.00307 53.3
5 0.05 0.00384 66.6
6 0.06 0.00461 80.0
7 0.07 0.00538 93.3
8 0.08 0.00615 106.6
9 0.09 0.00693 119.9
10 0.1 0.0077 133.3
11 0.11 0.00847 146.6
12 0.12 0.00925 159.9
13 0.13 0.01 173.2
14 0.14 0.0108 186.6
15 0.15 0.0116 199.9
16 0.16 0.0124 213.2
17 0.17 0.0132 226.5
18 0.18 0.0139 239.9
19 0.19 0.0147 253.2
20 0.2 0.0155 266.5
21 0.21 0.0163 279.8
22 0.22 0.0171 293.2
23 0.23 0.0179 306.5
24 0.24 0.0187 319.8
25 0.25 0.0196 333.1
26 0.26 0.0205 346.5
27 0.27 0.0213 359.8
28 0.28 0.0222 373.1
29 0.29 0.0231 386.4
30 0.3 0.024 399.8
31 0.31 0.0248 413.1
32 0.32 0.0257 426.4
33 0.33 0.0266 439.7
34 0.34 0.0275 453.1
35 0.35 0.0284 466.4
36 0.36 0.0293 479.7
37 0.37 0.0302 493.0
38 0.38 0.0311 506.4
39 0.39 0.032 519.7
40 0.4 0.0329 533.0
41 0.41 0.0338 546.3
42 0.42 0.0347 559.7
43 0.43 0.0356 573.0
44 0.44 0.0365 586.3
45 0.45 0.0374 599.6
46 0.46 0.0384 613.0
47 0.47 0.0393 626.3
48 0.48 0.0402 639.6
49 0.49 0.0411 652.9
50 0.5 0.042 666.3
51 0.51 0.043 679.6
yielding ->
<- I.b.
189
INC STEP Cispi. Load
TIMElLPF nnches1 [klpS1
52 0.52 0.0439 692.9
53 0.53 0.0448 706.2
54 0.54 0.0457 719.6
55 0.55 0.0467 732.9
56 0.56 0.0476 746.2
57 0.57 0.0485 759.5
58 0.58 0.0495 772.9
59 0.59 0.0504 786.2
60 0.6 0.0513 799.5
61 0.61 0.0523 812.8
62 0.62 0.0532 826.2
63 0.63 0.0541 839.5
64 0.64 0.0551 852.8
65 0.65 0.056 866.1
66 0.66 0.057 879.5
67 0.67 0.0579 892.8
68 0.68 0.0589 906.1
69 0.69 0.0598 919.4
70 0.7 0.0608 932.8
71 0.71 0.0617 946.1
72 0.72 0.0627 959.4
73 0.73 0.0636 972.7
74 0.74 0.0646 986.1
75 0.75 0.0655 999.4
76 0.76 0.0665 1012.7
77 0.77 0.0674 1026.0
78 0.78 0.0684 1039.4
79 0.79 0.0694 1052.7
80 0.8 0.0704 1066.0
81 0.81 0.0714 1079.3
82 0.82 0.0724 1092.7
83 0.83 0.0734 1106.0
84 0.84 0.0744 1119.3
85 0.843 0.0747 1123.3
86 0.843 0.0748 1123.3
87 0.843 0.0748 1123.3
88 0.844 0.0748 1124.6
89 0.844 0.0749 1124.6
90 0.845 0.Q75 1126.0
91 0.846 0.075 1127.3
92 0.847 0.0751 1128.6
93 0.848 0.0752 1130.0
94 0.848 0.0753 1130.0
95 0.849 0.0754 1131.3
96 0.85 0.0755 1132.6
97 0.851 0.0756 1134.0
98 0.852 0.0757 1135.3
99 0.852 0.0757 1135.3
100 0.852 0.0757 1135.3
PHASE 1-C d' =17" t e =1/8"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION:
INC STEP Olspl. Load
TIMElLPF [Inches] [kIps]
1 0.01 0.00146 26.7
2 0.02 0.00292 53.3
3 0.03 0.00438 80.0
4 0.04 0.00584 106.6
5 0.05 0.00731 133.3
6 0.06 0.00877 159.9
7 0.07 0.0102 186.6
8 0.08 0.0117 213.2
9 0.09 0.0132 239.9
10 0.1 0.0147 266.5
11 0.11 0.0161 293.2
12 0.12 0.0176 319.8
13 0.13 0.0191 346.5
14 0.14 0.0206 373.1
15 0.15 0.0221 399.8
16 0.16 0.0236 426.4
17 0.17 0.0251 453.1
18 0.18 0.0266 479.7
19 0.19 0.0281 506.4
20 0.2 0.0296 533.0
21 0.21 0.0311 559.7
22 0.22 0.0327 586.3
23 0.23 0.0342 613.0
24 0.24 0.0358 639.6
25 0.25 0.0374 666.3
26 0.26 0.039 692.9
27 0.27 0.0406 719.6
28 0.273 0.041 727.5
29 0.275 0.0414 732.9
30 0.279 0.042 743.5
31 0.284 0.043 756.9
32 0.293 0.0444 780.8
33 0.303 0.0461 807.5
34 0.313 0.0478 834.1
35 0.323 0.0495 860.8
36 0.333 0.0513 887.4
37 0.343 0.053 914.1
38 0.353 0.0547 940.7
39 0.363 0.0565 967.4
40 0.373 0.0582 994.0
41 0.383 0.06 1020.7
42 0.393 0.0618 1047.3
43 0.403 0.0635 1074.0
44 0.413 0.0653 1100.6
45 0.423 0.0671 1127.3
46 0.433 0.0689 1153.9
47 0.443 0.0707 118D.6
48 0.445 0.0712 1185.9
49 0.449 0.0719 1196.6
50 0.455 0.0729 1212.6
51 0.457 0.0733 1217.9
<- I.b.
<- yielding
190
INC STEP Olsp!. Load
TIMElLPF [Inches] [kIps]
52 0.458 0.0734 1220.6
53 0.459 0.0736 1223.2
54 0.461 0.074 1228.6
55 0.463 0.0745 1233.9
56 0.464 0.0746 1236.6
57 0.465 0.0747 1239.2
PHASE 1-C d' =17" t, =3/16"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC STEP Clsp\. Load
TIMElLPF [Inches] ndDSl
1 0.01 0.00166 33.3
2 0.02 0.00333 66.6
3 0.03 0.00499 99.9
4 0.04 0.00666 133.3
5 0.05 0.00832 166.6
6 0.06 0.00999 199.9
7 0.07 0.0117 233.2
8 0.08 0.0133 266.5
9 0.09 0.015 299.8
10 0.1 0.0167 333.1
11 0.11 0.0183 366.4
12 0.12 0.02 399.8
13 0.13 0.0217 433.1
14 0.14 0.0234 466.4
15 0.15 0.025 499.7
16 0.16 0.0267 533.0
17 0.17 0.0284 566.3
18 0.18 0.0301 599.6
19 0.19 0.0318 632.9
20 0.2 0.0335 666.3
21 0.21 0.0352 699.6
22 0.22 0.0369 732.9
23 0.23 0.0386 766.2
24 0.24 0.0403 799.5
25 0.25 0.042 832.8
26 0.26 0.0437 866.1
27 0.27 0.0454 899.4
28 0.28 0.0471 932.8
29 0.29 0.0488 966.1
30 0.3 0.0505 999.4
31 0.31 0.0523 1032.7
32 0.32 0.054 1066.0
33 0.33 0.0557 1099.3
34 0.34 0.0574 1132.6
35 0.35 0.0592 1165.9
36 0.36 0.0609 1199.3
37 0.37 0.0627 1232.6
38 0.38 0.0644 1265.9
39 0.39 0.0661 1299.2
40 0.4 0.0679 1332.5
41 0.41 0.0696 1365.8
42 0.42 0.0714 1399.1
43 0.43 0.0731 1432.4
44 0.44 0.0749 1465.8
45 0.45 0.0766 1499.1
46 0.46 0.0784 1532.4
47 0.47 0.0802 1565.7
48 0.48 0.0819 1599.0
49 0.49 0.0837 1632.3
50 0.5 0.0855 1665.6
51 0.51 0.0872 1698.9
yielding ->
I.b.->
191
INC STEP Cispl. Load
TIMElLPF [Inches] [kIps]
52 0.52 0.089 1732.3
53 0.53 0.0908 1765.6
54 0.54 0.0926 1798.9
55 0.55 0.0943 1832.2
56 0.56 0.0961 1865.5
57 0.57 0.0979 1898.8
58 0.58 0.0997 1932.1
59 0.59 0.101 1965.4
60 0.6 0.103 1998.8
61 0.61 0.105 2032.1
62 0.62 0.107 2065.4
63 0.623 0.108 2075.4
64 0.625 0.109 2082.0
65 0.628 0.11 2092.0
66 0.63 0.111 2098.7
67 0.633 0.112 2108.7
68 0.635 0.113 2115.3
69 0.637 0.114 2122.0
70 0.64 0.114 2132.0
71 0.644 0.116 2145.3
72 0.649 0.117 2162.0
73 0.658 0.12 2192.0
74 0.668 0.122 2225.3
75 0.678 0.125 2258.6
76 0.688 0.128 2291.9
77 0.698 0.13 2325.2
78 0.708 0.133 2358.5
79 0.718 0.136 2391.8
80 0.728 0.138 2425.2
81 0.738 0.141 2458.5
82 0.748 0.144 2491.8
83 0.758 0.146 2525.1
84 0.768 0.149 2558.4
85 0.778 0.152 2591.7
86 0.788 0.154 2625.0
87 0.798 0.157 2658.3
88 0.808 0.16 2691.7
89 0.818 0.162 2725.0
90 0.828 0.165 2758.3
91 0.838 0.168 2791.6
92 0.848 0.171 2824.9
93 0.858 0.174 2858.2
94 0.868 0.176 2891.5
95 0.878 0.179 2924.8
PHASE 1-C d' =17" t r =1/4"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC STEP Clspl. Load
TIMElLPF nnches] [kIps]
1 0.01 0.00214 46.6
2 0.02 0.00428 93.3
3 0.03 0.00643 139.9
4 0.04 0.00857 186.6
5 0.05 0.0107 233.2
6 0.06 0.0129 279.8
7 0.07 0.015 326.5
8 0.08 0.0171 373.1
9 0.09 0.0193 419.7
10 0.1 0.0214 466.4
11 0.11 0.0236 513.0
12 0.12 0.0257 559.7
13 0.13 0.0279 606.3
14 0.14 0.Q3 652.9
15 0.15 0.0322 699.6
16 0.16 0.0344 746.2
17 0.17 0.0365 792.8
18 0.18 0.0387 839.5
19 0.19 0.0409 886.1
20 0.2 0.043 932.8
21 0.21 0.0452 979.4
22 0.22 0.0474 1026.0
23 0.23 0.0495 1072.7
24 0.24 0.0517 1119.3
25 0.25 0.0539 1165.9
26 0.26 0.0561 1212.6
27 0.27 0.0583 1259.2
28 0.28 0.0605 1305.9
29 0.29 0.0627 1352.5
30 0.3 0.0648 1399.1
31 0.31 0.067 1445.8
32 0.32 0.0692 1492.4
33 0.33 0.0715 1539.0
34 0.34 0.0737 1585.7
35 0.35 0.0759 1632.3
36 0.36 0.0781 1679.0
37 0.37 0.0803 1725.6
38 0.38 0.0825 1772.2
39 0.39 0.0847 1818.9
40 0.4 0.087 1865.5
41 0.41 0.0892 1912.1
42 0.42 0.0914 1958.8
43 0.43 0.0937 2005.4
44 0.44 0.0959 2052.1
45 0.45 0.0981 2098.7
46 0.46 0.1 2145.3
47 0.47 0.103 2192.0
48 0.48 0.105 2238.6
49 0.49 0.107 2285.2
50 0.5 0.109 2331.9
51 0.51 0.112 2378.5
yieldlng->
I.b. ->
192
INC STEP Clspl. Load
TIMElLPF nnches] [kips]
52 0.52 0.114 2425.2
53 0.53 0.116 2471.8
54 0.54 0.118 2518.4
55 0.55 0.121 2565.1
56 0.56 0.123 2611.7
57 0.57 0.125 2658.3
58 0.58 0.127 2705.0
59 0.59 0.13 2751.6
60 0.6 0.132 2798.3
61 0.61 0.134 2844.9
62 0.62 0.136 2891.5
63 0.63 0.139 2938.2
64 0.64 0.141 2984.8
65 0.65 0.143 3031.4
66 0.66 0.145 3078.1
67 0.67 0.148 3124.7
68 0.68 0.15 3171.4
69 0.681 0.15 3176.0
70 0.682 0.15 3180.7
71 0.682 0.15 3180.7
72 0.682 0.15 3180.7
73 0.682 0.151 3180.7
PHASE 1-C d' =17" t r =5/16"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION:
INC STEP DlspJ. Load
TIMElLPF [Inches] [kIps]
1 0.01 0.00255 60.0
2 0.02 0.0051 119.9
3 0.03 0.00765 179.9
4 0.04 0.0102 239.9
5 0.05 0.0128 299.8
6 0.06 0.0153 359.8
7 0.07 0.0179 419.7
8 0.08 0.0204 479.7
9 0.09 0.023 539.7
10 0.1 0.0255 599.6
11 0.11 0.0281 659.6
12 0.12 0.0306 719.6
13 0.13 0.0332 779.5
14 0.14 0.0358 839.5
15 0.15 0.0383 899.4
16 0.16 0.0409 959.4
17 0.17 0.0435 1019.4
18 0.18 0.046 1079.3
19 0.19 0.0486 1139.3
20 0.2 0.0512 1199.3
21 0.21 0.0537 1259.2
22 0.22 0.0563 1319.2
23 0.23 0.0589 1379.1
24 0.24 0.0615 1439.1
25 0.25 0.0641 1499.1
26 0.26 0.0667 1559.0
27 0.27 0.0692 1619.0
28 0.28 0.0718 1679.0
29 0.29 0.0744 1738.9
30 0.3 0.077 1798.9
31 0.31 0.0796 1858.8
32 0.32 0.0822 1918.8
33 0.33 0.0848 1978.8
34 0.34 0.0875 2038.7
35 0.35 0.0901 2098.7
36 0.36 0.0927 2158.7
37 0.37 0.0953 2218.6
38 0.38 0.0979 2278.6
39 0.39 0.101 2338.5
40 0.4 0.103 2398.5
41 0.41 0.106 2458.5
42 0.42 0.108 2518.4
43 0.43 0.111 2578.4
44 0.44 0.114 2638.4
45 0.45 0.116 2698.3
46 0.46 0.119 2758.3
47 0.47 0.122 2818.2
48 0.48 0.124 2878.2
49 0.49 0.127 2938.2
50 0.5 0.13 2998.1
51 0.51 0.132 3058.1
I.b.->
<- yielding
193
INC STEP DlspJ. Load
TIMElLPF [Inches] [kIps]
52 0.52 0.135 3118.1
53 0.53 0.138 3178.0
54 0.54 0.14 3238.0
55 0.55 0.143 3297.9
56 0.56 0.146 3357.9
57 0.57 0.148 3417.9
58 0.58 0.151 3477.8
59 0.59 0.154 3537.8
60 0.6 0.156 3597.8
61 0.61 0.159 3657.7
62 0.62 0.161 3717.7
63 0.63 0.164 3777.6
64 0.64 0.167 3837.6
65 0.65 0.17 3897.6
66 0.66 0.173 3957.5
67 0.67 0.176 4017.5
68 0.68 0.179 4077.5
69 0.69 0.182 4137.4
70 0.7 0.186 4197.4
71 0.703 0.187 4215.4
72 0.706 0.188 4233.4
73 0.708 0.189 4245.3
74 0.708 0.189 4245.3
75 0.708 0.189 4245.3
76 0.709 0.19 4251.3
77 0.709 0.19 4251.3
PHASE 1-C d' =17" t. =3/8"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC STEP Olspl. Load
TIMElLPF nnchesl [klpsl
1 0.01 0.00265 66.9
2 0.02 0.00531 133.8
3 0.03 0.00796 200.7
4 0.04 0.0106 267.6
5 0.05 0.0133 334.5
6 0.06 0.0159 401.3
7 0.07 0.0186 468.2
8 0.08 0.0212 535.1
9 0.09 0.0239 602.0
10 0.1 0.0265 668.9
11 0.11 0.0292 735.8
12 0.12 0.0318 802.7
13 0.13 0.0345 869.6
14 0.14 0.0372 936.5
15 0.15 0.0398 1003.4
16 0.16 0.0425 1070.3
17 0.17 0.0451 1137.2
18 0.18 0.0478 1204.0
19 0.19 0.0505 1270.9
20 0.2 0.0531 1337.8
21 0.21 0.0558 1404.7
22 0.22 0.0585 1471.6
23 0.23 0.0611 1538.5
24 0.24 0.0638 1605.4
25 0.25 0.0665 1672.3
26 0.26 0.0691 1739.2
27 0.27 0.0718 1806.1
28 0.28 0.0745 1873.0
29 0.29 0.0772 1939.9
30 0.3 0.0799 2006.7
31 0.31 0.0825 2073.6
32 0.32 0.0852 2140.5
33 0.33 0.0879 2207.4
34 0.34 0.0906 2274.3
35 0.35 0.0933 2341.2
36 0.36 0.096 2408.1
37 0.37 0.0987 2475.0
38 0.38 0.101 2541.9
39 0.39 0.104 2608.8
40 0.4 0.107 2675.7
41 0.41 0.11 2742.6
42 0.42 0.112 2809.4
43 0.43 0.115 2876.3
44 0.44 0.118 2943.2
45 0.45 0.12 3010.1
46 0.46 0.123 3077.0
47 0.47 0.126 3143.9
48 0.48 0.129 3210.8
49 0.49 0.131 3277.7
50 0.5 0.134 3344.6
51 0.51 0.137 3411.5
yJeldlng->
I.b.->
194
INC STEP Olspl. Load
TIMElLPF nnchesl ndpsl
52 0.52 0.139 3478.4
53 0.53 0.142 3545.2
54 0.54 0.145 3612.1
55 0.55 0.148 3679.0
56 0.56 0.15 3745.9
57 0.57 0.153 3812.8
58 0.58 0.156 3879.7
59 0.59 0.159 3946.6
60 0.6 0.161 4013.5
61 0.61 0.164 4080.4
62 0.62 0.167 4147.3
63 0.63 0.17 4214.2
64 0.64 0.172 4281.1
65 0.65 0.175 4347.9
66 0.66 0.178 4414.8
67 0.67 0.181 4481.7
68 0.68 0.183 4548.6
69 0.69 0.186 4615.5
70 0.7 0.189 4682.4
71 0.71 0.193 4749.3
72 0.72 0.196 4816.2
73 0.73 0.2 4883.1
74 0.74 0.204 4950.0
75 0.75 0.207 5016.9
76 0.76 0.211 5083.8
77 0.77 0.215 5150.6
78 0.78 0.22 5217.5
79 0.79 0.224 5284.4
80 0.8 0.229 5351.3
81 0.81 0.233 5418.2
82 0.82 0.238 5485.1
83 0.83 0.242 5552.0
84 0.84 0.247 5618.9
85 0.85 0.253 5685.8
86 0.86 0.259 5752.7
87 0.87 0.266 5819.6
88 0.88 0.273 5886.5
89 0.89 0.281 5953.3
90 0.9 0.291 6020.2
91 0.91 0.304 6087.1
92 0.92 0.316 6154.0
93 0.93 0.327 6220.9
94 0.94 0.338 6287.8
95 0.95 0.35 6354.7
96 0.96 0.362 6421.6
97 0.97 0.376 6488.5
98 0.98 0.392 6555.4
99 0.99 0.41 6622.3
100 1 0.43 6689.2
PHASE 1-C d' =17" t r = 1/2"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION:
INC STEP Dlspl. Load
TIMElLPF [Inches] [kIps]
1 0.01 0.0028 80.0
2 0.02 0.00559 159.9
3 0.03 0.00839 239.9
4 0.04 0.0112 319.8
5 0.05 0.014 399.8
6 0.06 0.0168 479.7
7 0.07 0.0196 559.7
8 0.08 0.0224 639.6
9 0.09 0.0252 719.6
10 0.1 0.0279 799.5
11 0.11 0.0307 879.5
12 0.12 0.0335 959.4
13 0.13 0.0363 1039.4
14 0.14 0.0391 1119.3
15 0.15 0.0419 1199.3
16 0.16 0.0447 1279.2
17 0.17 0.0475 1359.2
18 0.18 0.0503 1439.1
19 0.19 0.0531 1519.1
20 0.2 0.0559 1599.0
21 0.21 0.0587 1679.0
22 0.22 0.0615 1758.9
23 0.23 0.0643 1838.9
24 0.24 0.0671 1918.8
25 0.25 0.0699 1998.8
26 0.26 0.0727 2078.7
27 0.27 0.0755 2158.7
28 0.28 0.0783 2238.6
29 0.29 0.0811 2318.6
30 0.3 0.0839 2398.5
31 0.31 0.0867 2478.5
32 0.32 0.0895 2558.4
33 0.33 0.0923 2638.4
34 0.34 0.0951 2718.3
35 0.35 0.098 2798.3
36 0.36 0.101 2878.2
37 0.37 0.104 2958.2
38 0.38 0.106 3038.1
39 0.39 0.109 3118.1
40 0.4 0.112 3198.0
41 0.41 0.115 3278.0
42 0.42 0.118 3357.9
43 0.43 0.12 3437.9
44 0.44 0.123 3517.8
45 0.45 0.126 3597.8
46 0.46 0.129 3677.7
47 0.47 0.132 3757.7
48 0.48 0.135 3837.6
49 0.49 0.137 3917.6
50 0.5 0.14 3997.5
51 0.51 0.143 4077.5
yielding ->
global->
yielding
195
INC STEP Dlspl. Load
TIMElLPF [Inches] [kIps]
52 0.52 0.146 4157.4
53 0.53 0.149 4237.4
54 0.54 0.152 4317.3
55 0.55 0.154 4397.3
56 0.56 0.157 4477.2
57 0.57 0.16 4557.2
58 0.58 0.163 4637.1
59 0.59 0.166 4717.1
60 0.6 0.169 4797.0
61 0.61 0.171 4877.0
62 0.62 0.174 4956.9
63 0.63 0.177 5036.9
64 0.64 0.18 5116.8
65 0.65 0.183 5196.8
66 0.66 0.186 5276.7
67 0.67 0.189 5356.7
68 0.68 0.191 5436.6
69 0.69 0.194 5516.6
70 0.7 0.197 5596.5
71 0.71 0.2 5676.5
72 0.72 0.203 5756.4
73 0.73 0.206 5836.4
74 0.74 0.209 5916.3
75 0.75 0.212 5996.3
76 0.76 0.215 6076.2
77 0.77 0.219 6156.2
78 0.78 0.223 6236.1
79 0.79 0.227 6316.1
80 0.8 0.231 6396.0
81 0.81 0.235 6476.0
82 0.82 0.24 6555.9
83 0.83 0.245 6635.9
84 0.84 0.25 6715.8
85 0.85 0.255 6795.8
86 0.86 0.26 6875.7
87 0.87 0.266 6955.7
88 0.88 0.271 7035.6
89 0.89 0.277 7115.6
90 0.9 0.282 7195.5
91 0.91 0.288 7275.5
92 0.92 0.294 7355.4
93 0.93 0.3 7435.4
94 0.94 0.306 7515.3
95 0.95 0.314 7595.3
96 0.96 0.327 7675.2
97 0.97 0.372 7755.2
98 0.973 0.38 m9.1
99 0.975 0.387 7795.1
100 0.979 0.399 7827.1
PHASE 2-A e =15"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION:
INC STEP Clsp!. Load
TIMElLPF [Inches] [kIps]
1 0.01 0.0025 25.5
2 0.02 0.005 51.0
3 0.03 0.0075 76.5
4 0.04 0.01 102.1
5 0.05 0.0125 127.6
6 0.06 0.015 153.1
7 0.07 0.0175 178.6
8 0.08 0.02 204.1
9 0.09 0.0225 229.6
10 0.1 0.025 255.2
11 0.11 0.0275 280.7
12 0.12 0.03 306.2
13 0.13 0.0325 331.7
14 0.14 0.035 357.2
15 0.15 0.0375 382.7
16 0.16 0.04 408.2
17 0.17 0.0425 433.8
18 0.18 0.045 459.3
19 0.19 0.0475 484.8
20 0.2 0.05 510.3
21 0.21 0.0525 535.8
22 0.22 0.0549 561.3
23 0.23 0.0574 586.8
24 0.24 0.0599 612.4
25 0.25 0.0624 637.9
26 0.26 0.0649 663.4
27 0.27 0.0674 688.9
28 0.28 0.0699 714.4
29 0.29 0.0724 739.9
30 0.3 0.0749 765.5
31 0.31 0.0775 791.0
32 0.32 0.0801 816.5
33 0.33 0.0828 842.0
34 0.34 0.0854 867.5
35 0.35 0.0881 893.0
36 0.36 0.0907 918.5
37 0.37 0.0934 944.1
38 0.38 0.0961 969.6
39 0.39 0.0988 995.1
40 0.4 0.102 102D.6
41 0.41 0.104 1046.1
42 0.42 0.107 1071.6
43 0.43 0.11 1097.1
44 0.44 0.113 1122.7
45 0.45 0.115 1148.2
46 0.46 0.118 1173.7
47 0.47 0.121 1199.2
48 0.48 0.124 1224.7
49 0.49 0.127 1250.2
50 0.5 0.13 1275.8
51 0.51 0.133 1301.3
I.b. ribs->
yielding ->
<- I.b.deck
196
INC STEP Cispi. Load
TIMElLPF [Inches] [kIps]
52 0.52 0.136 1326.8
53 0.53 0.139 1352.3
54 0.54 0.141 1377.8
55 0.55 0.144 1403.3
56 0.56 0.147 1428.8
57 0.57 0.15 1454.4
58 0.58 0.153 1479.9
59 0.59 0.156 1505.4
60 0.6 0.159 1530.9
61 0.61 0.162 1556.4
62 0.62 0.165 1581.9
63 0.63 0.168 1607.4
64 0.64 0.171 1633.0
65 0.65 0.174 1658.5
66 0.66 0.177 1684.0
67 0.67 0.18 1709.5
68 0.68 0.183 1735.0
69 0.69 0.186 1760.5
70 0.7 0.189 1786.1
71 0.71 0.192 1811.6
72 0.72 0.196 1837.1
73 0.73 0.199 1862.6
74 0.74 0.202 1888.1
75 0.75 0.205 1913.6
76 0.76 0.208 1939.1
77 0.77 0.211 1964.7
78 0.78 0.214 1990.2
79 0.79 0.217 2015.7
80 0.8 0.22 2041.2
81 0.81 0.223 2066.7
82 0.82 0.226 2092.2
83 0.83 0.229 2117.7
84 0.84 0.232 2143.3
85 0.85 0.235 2168.8
86 0.86 0.238 2194.3
87 0.87 0.241 2219.8
88 0.88 0.244 2245.3
89 0.89 0.248 2270.8
90 0.9 0.251 2296.4
91 0.91 0.254 2321.9
92 0.92 0.257 2347.4
93 0.93 0.26 2372.9
94 0.94 0.263 2398.4
95 0.95 0.266 2423.9
96 0.96 0.269 2449.4
97 0.97 0.273 2475.0
98 0.98 0.276 2500.5
99 0.99 0.279 2526.0
100 1 0.282 2551.5
PHASE 2-A e =15" t d =3/16"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION:
INC STEP Dlspl. Load
TIMElLPF [inches] [kIps]
1 0.01 0.00254 30.2
2 0.02 0.00508 60.5
3 0.03 0.00761 90.7
4 0.04 0.0102 121.0
5 0.05 0.0127 151.2
6 0.06 0.0152 181.4
7 0.07 0.0178 211.7
8 0.08 0.0203 241.9
9 0.09 0.0228 272.2
10 0.1 0.0254 302.4
11 0.11 0.0279 332.6
12 0.12 0.0304 362.9
13 0.13 0.033 393.1
14 0.14 0.0355 423.4
15 0.15 0.038 453.6
16 0.16 0.0406 483.8
17 0.17 0.0431 514.1
18 0.18 0.0457 544.3
19 0.19 0.0482 574.6
20 0.2 0.0507 604.8
21 0.21 0.0533 635.0
22 0.22 0.0558 665.3
23 0.23 0.0583 695.5
24 0.24 0.0609 725.8
25 0.25 0.0634 756.0
26 0.26 0.066 786.2
27 0.27 0.0685 816.5
28 0.28 0.071 846.7
29 0.29 0.0736 877.0
30 0.3 0.0761 907.2
31 0.31 0.0786 937.4
32 0.32 0.0812 967.7
33 0.33 0.0837 997.9
34 0.34 0.0863 1028.2
35 0.35 0.0888 1058.4
36 0.36 0.0913 1088.6
37 0.37 0.0939 1118.9
38 0.38 0.0964 1149.1
39 0.39 0.099 1179.4
40 0.4 0.102 1209.6
41 0.41 0.104 1239.8
42 0.42 0.107 1270.1
43 0.43 0.109 1300.3
44 0.44 0.112 1330.6
45 0.45 0.114 1360.8
46 0.46 0.117 1391.0
47 0.47 0.119 1421.3
48 0.48 0.122 1451.5
49 0.49 0.124 1481.8
50 0.5 0.127 1512.0
51 0.51 0.13 1542.2
I.b. deck->
I.b. rlbs->
yielding ->
197
INC STEP Dlsp!. Load
TIMElLPF [inches] [kips]
52 0.52 0.132 1572.5
53 0.53 0.135 1602.7
54 0.54 0.137 1633.0
55 0.55 0.14 1663.2
56 0.56 0.142 1693.4
57 0.57 0.145 1723.7
58 0.58 0.147 1753.9
59 0.59 0.15 1784.2
60 0.6 0.153 1814.4
61 0.61 0.155 1844.6
62 0.62 0.158 1874.9
63 0.63 0.161 1905.1
64 0.64 0.164 1935.4
65 0.65 0.166 1965.6
66 0.66 0.169 1995.8
67 0.67 0.172 2026.1
68 0.68 0.175 2056.3
69 0.69 0.178 2086.6
70 0.7 0.18 2116.8
71 0.71 0.183 2147.0
72 0.72 0.186 2177.3
73 0.73 0.189 2207.5
74 0.74 0.192 2237.8
75 0.75 0.195 2268.0
76 0.76 0.198 2298.2
77 0.77 0.201 2328.5
78 0.78 0.204 2358.7
79 0.79 0.207 2389.0
80 0.8 0.21 2419.2
81 0.81 0.213 2449.4
82 0.82 0.216 2479.7
83 0.83 0.219 2509.9
84 0.84 0.222 2540.2
85 0.85 0.225 2570.4
86 0.86 0.228 2600.6
87 0.87 0.232 2630.9
88 0.88 0.235 2661.1
89 0.89 0.238 2691.4
90 0.9 0.241 2721.6
91 0.91 0.244 2751.8
92 0.92 0.248 2782.1
93 0.93 0.251 2812.3
94 0.94 0.254 2842.6
95 0.95 0.258 2872.8
96 0.96 0.261 2903.0
97 0.97 0.265 2933.3
98 0.98 0.268 2963.5
99 0.99 0.272 2993.8
100 1 0.276 3024.0
PHASE 2·A e =15" t d =1/4"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC STEP DlspJ. Load
TIMElLPF nnches] [kIps]
1 0.01 0.00279 37.8
2 0.02 0.00557 75.6
3 0.03 0.00835 113.4
4 0.04 0.0111 151.2
5 0.05 0.0139 189.0
6 0.06 0.0167 226.8
7 0.07 0.0195 264.6
8 0.08 0.0223 302.4
9 0.09 0.0251 340.2
10 0.1 0.0278 378.0
11 0.11 0.0306 415.8
12 0.12 0.0334 453.6
13 0.13 0.0362 491.4
14 0.14 0.039 529.2
15 0.15 0.0418 567.0
16 0.16 0.0446 604.8
17 0.17 0.0473 642.6
18 0.18 0.0501 680.4
19 0.19 0.0529 718.2
20 0.2 0.0557 756.0
21 0.21 0.0585 793.8
22 0.22 0.0613 831.6
23 0.23 0.0641 869.4
24 0.24 0.0669 907.2
25 0.25 0.0697 945.0
26 0.26 0.0725 982.8
27 0.27 0.0753 1020.6
28 0.28 0.0781 1058.4
29 0.29 0.0809 1096.2
30 0.3 0.0837 1134.0
31 0.31 0.0865 1171.8
32 0.32 0.0893 1209.6
33 0.33 0.0921 1247.4
34 0.34 0.0949 1285.2
35 0.35 0.0977 1323.0
36 0.36 0.1 1360.8
37 0.37 0.103 1398.6
38 0.38 0.106 1436.4
39 0.39 0.109 1474.2
40 0.4 0.112 1512.0
41 0.41 0.115 1549.8
42 0.42 0.117 1587.6
43 0.43 0.12 1625.4
44 0.44 0.123 1663.2
45 0.45 0.126 1701.0
46 0.46 0.129 1738.8
47 0.47 0.132 1776.6
48 0.48 0.134 1814.4
49 0.49 0.137 1852.2
50 0.5 0.14 1890.0
51 0.51 0.143 1927.8
yielding ->
I.b. deck->
I.b. ribs->
198
INC STEP Displ. Load
TIMElLPF [Inches] [kips]
52 0.52 0.146 1965.6
53 0.53 0.149 2003.4
54 0.54 0.151 2041.2
55 0.55 0.154 2079.0
56 0.56 0.157 2116.8
57 0.57 0.16 2154.6
58 0.58 0.163 2192.4
59 0.59 0.166 2230.2
60 0.6 0.168 2268.0
61 0.61 0.171 2305.8
62 0.62 0.174 2343.6
63 0.63 0.177 2381.4
64 0.64 0.18 2419.2
65 0.65 0.183 2457.0
66 0.66 0.186 2494.8
67 0.67 0.188 2532.6
68 0.68 0.191 2570.4
69 0.69 0.194 2608.2
70 0.7 0.197 2646.0
71 0.71 0.2 2683.8
72 0.72 0.203 2721.6
73 0.73 0.206 2759.4
74 0.74 0.208 2797.2
75 0.75 0.211 2835.0
76 0.76 0.214 2872.8
77 0.77 0.217 2910.6
78 0.78 0.22 2948.4
79 0.79 0.223 2986.2
80 0.8 0.226 3024.0
81 0.81 0.229 3061.8
82 0.82 0.232 3099.6
83 0.83 0.236 3137.4
84 0.84 0.239 3175.2
85 0.85 0.242 3213.0
86 0.86 0.245 3250.8
87 0.87 0.249 3288.6
88 0.88 0.253 3326.4
89 0.89 0.257 3364.2
90 0.9 0.262 3402.0
91 0.91 0.266 3439.8
92 0.92 0.271 3477.6
93 0.93 0.276 3515.4
94 0.94 0.282 3553.2
95 0.95 0.288 3591.0
96 0.96 0.296 3628.8
97 0.963 0.298 3640.1
98 0.963 0.299 3640.1
99 0.965 0.302 3647.7
100 0.965 0.303 3647.7
PHASE 2-A e = 15" td =3/8"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC STEP Dlspl. Load
TIMElLPF [Inches) [kIps)
1 0.01 0.00253 42.5
2 0.02 0.00506 85.1
3 0.03 0.00759 127.6
4 0.04 0.0101 170.1
5 0.05 0.0126 212.6
6 0.06 0.0152 255.2
7 0.07 0.0177 297.7
8 0.08 0.0202 340.2
9 0.09 0.0228 382.7
10 0.1 0.0253 425.3
11 0.11 0.0278 467.8
12 0.12 0.0304 510.3
13 0.13 0.0329 552.8
14 0.14 0.0354 595.4
15 0.15 0.038 637.9
16 0.16 0.0405 680.4
17 0.17 0.043 722.9
18 0.18 0.0456 765.5
19 0.19 0.0481 808.0
20 0.2 0.0507 850.5
21 0.21 0.0532 893.0
22 0.22 0.0558 935.6
23 0.23 0.0583 978.1
24 0.24 0.0609 102Q.6
25 0.25 0.0634 1063.1
26 0.26 0.066 1105.7
27 0.27 0.0685 1148.2
28 0.28 0.0711 1190.7
29 0.29 0.0736 1233.2
30 0.3 0.0762 1275.8
31 0.31 0.0788 1318.3
32 0.32 0.0813 1360.8
33 0.33 0.0839 1403.3
34 0.34 0.0865 1445.9
35 0.35 0.0891 1488.4
36 0.36 0.0916 1530.9
37 0.37 0.0942 1573.4
38 0.38 0.0968 1616.0
39 0.39 0.0994 1658.5
40 0.4 0.102 1701.0
41 0.41 0.105 1743.5
42 0.42 0.107 1786.1
43 0.43 0.11 1828.6
44 0.44 0.112 1871.1
45 0.45 0.115 1913.6
46 0.46 0.118 1956.2
47 0.47 0.12 1998.7
48 0.48 0.123 2041.2
49 0.49 0.125 2083.7
50 0.5 0.128 2126.3
51 0.51 0.131 2168.8
yielding ->
I.b. ribs->
and deck
199
INC STEP Displ. Load
TIMElLPF [Inches) [kIps]
52 0.52 0.133 2211.3
53 0.53 0.136 2253.8
54 0.54 0.138 2296.4
55 0.55 0.141 2338.9
56 0.56 0.144 2381.4
57 0.57 0.146 2423.9
58 0.58 0.149 2466.5
59 0.59 0.152 2509.0
60 0.6 0.154 2551.5
61 0.61 0.157 2594.0
62 0.62 0.16 2636.6
63 0.63 0.162 2679.1
64 0.64 0.165 2721.6
65 0.65 0.167 2764.1
66 0.66 0.17 2806.7
67 0.67 0.173 2849.2
68 0.68 0.175 2891.7
69 0.69 0.178 2934.2
70 0.7 0.18 2976.8
71 0.71 0.183 3019.3
72 0.72 0.186 3061.8
73 0.73 0.188 3104.3
74 0.74 0.191 3146.9
75 0.75 0.193 3189.4
76 0.76 0.196 3231.9
77 0.77 0.199 3274.4
78 0.78 0.201 3317.0
79 0.79 0.204 3359.5
80 0.6 0.207 3402.0
81 0.61 0.21 3444.5
82 0.62 0.214 3487.1
83 0.83 0.217 3529.6
84 0.84 0.22 3572.1
85 0.85 0.224 3614.6
86 0.86 0.227 3657.2
87 0.87 0.231 3699.7
88 0.88 0.234 3742.2
89 0.89 0.238 3784.7
90 0.9 0.242 3827.3
91 0.91 0.247 3869.8
92 0.92 0.251 3912.3
93 0.93 0.255 3954.8
94 0.94 0.26 3997.4
95 0.95 0.265 4039.9
96 0.96 0.271 4082.4
97 0.97 0.28 4124.9
98 0.98 0.287 4167.5
99 0.99 0.295 4210.0
100 1 0.302 4252.5
PHASE 2-A e =is'' td =1/2"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION:
INC STEP Dispi. Load
TIMElLPF [Inches] [kIps]
1 0.01 0.00246 49.1
2 0.02 0.00491 98.3
3 0.03 0.00737 147.4
4 0.04 0.00982 196.6
5 0.05 0.0123 245.7
6 0.06 0.0147 294.8
7 0.07 0.0172 344.0
8 0.08 0.0196 393.1
9 0.09 0.0221 442.3
10 0.1 0.0246 491.4
11 0.11 0.027 540.5
12 0.12 0.0295 589.7
13 0.13 0.032 638.8
14 0.14 0.0344 688.0
15 0.15 0.0369 737.1
16 0.16 0.0394 786.2
17 0.17 0.0418 835.4
18 0.18 0.0443 884.5
19 0.19 0.0468 933.7
20 0.2 0.0493 982.8
21 0.21 0.0518 1031.9
22 0.22 0.0543 1081.1
23 0.23 0.0568 1130.2
24 0.24 0.0593 1179.4
25 0.25 0.0617 1228.5
26 0.26 0.0643 1277.6
27 0.27 0.0668 1326.8
28 0.28 0.0693 1375.9
29 0.29 0.0718 1425.1
30 0.3 0.0743 1474.2
31 0.31 0.0768 1523.3
32 0.32 0.0793 1572.5
33 0.33 0.0819 1621.6
34 0.34 0.0844 1670.8
35 0.35 0.0869 1719.9
36 0.36 0.0894 1769.0
37 0.37 0.092 1818.2
38 0.38 0.0945 1867.3
39 0.39 0.0971 1916.5
40 0.4 0.0996 1965.6
41 0.41 0.102 2014.7
42 0.42 0.105 2063.9
43 0.43 0.107 2113.0
44 0.44 0.11 2162.2
45 0.45 0.112 2211.3
46 0.46 0.115 2260.4
47 0.47 0.118 2309.6
48 0.48 0.12 2358.7
49 0.49 0.123 2407.9
50 0.5 0.125 2457.0
51 0.51 0.128 2506.1
I.b. ribs->
<- yielding
200
INC STEP Dlspl. Load
TIMElLPF [Inches] [kIps]
52 0.52 0.13 2555.3
53 0.53 0.133 2604.4
54 0.54 0.135 2653.6
55 0.55 0.138 2702.7
56 0.56 0.141 2751.8
57 0.57 0.143 2801.0
58 0.58 0.146 2850.1
59 0.59 0.148 2899.3
60 0.6 0.151 2948.4
61 0.61 0.153 2997.5
62 0.62 0.156 3046.7
63 0.63 0.158 3095.8
64 0.64 0.161 3145.0
65 0.65 0.163 3194.1
66 0.66 0.166 3243.2
67 0.67 0.168 3292.4
68 0.68 0.171 3341.5
69 0.69 0.173 3390.7
70 0.7 0.176 3439.8
71 0.71 0.179 3488.9
72 0.72 0.182 3538.1
73 0.73 0.186 3587.2
74 0.74 0.189 3636.4
75 0.75 0.192 3685.5
76 0.76 0.195 3734.6
77 0.77 0.199 3783.8
78 0.78 0.202 3832.9
79 0.79 0.206 3882.1
80 0.8 0.21 3931.2
81 0.81 0.214 3980.3
82 0.82 0.218 4029.5
83 0.83 0.222 4078.6
84 0.84 0.226 4127.8
85 0.85 0.23 4176.9
86 0.86 0.235 4226.0
87 0.87 0.241 4275.2
88 0.88 0.247 4324.3
89 0.89 0.255 4373.5
90 0.9 0.262 4422.6
91 0.91 0.269 4471.7
92 0.92 0.277 4520.9
93 0.93 0.286 4570.0
94 0.94 0.295 4619.2
95 0.95 0.305 4668.3
96 0.96 0.314 4717.4
97 0.97 0.323 4766.6
98 0.98 0.332 4815.7
99 0.99 0.342 4864.9
100 1 0.352 4914.0
PHASE 2-A e =15" td =5/8"
ABAQUS VERSION 6.4·1
SUMMARY OF JOB INFORMATION'
INC STEP Displ. Load
TIMElLPF Onches] [kIps]
1 0.01 0.00245 56.7
2 0.02 0.00489 113.4
3 0.03 0.00734 170.1
4 0.04 0.00978 226.8
5 0.05 0.0122 283.5
6 0.06 0.0147 340.2
7 0.07 0.0171 396.9
8 0.08 0.0196 453.6
9 0.09 0.022 510.3
10 0.1 0.0245 567.0
11 0.11 0.0269 623.7
12 0.12 0.0294 680.4
13 0.13 0.0319 737.1
14 0.14 0.0343 793.8
15 0.15 0.0368 850.5
16 0.16 0.0393 907.2
17 0.17 0.0418 963.9
18 0.18 0.0442 1020.6
19 0.19 0.0467 1077.3
20 0.2 0.0492 1134.0
21 0.21 0.0517 1190.7
22 0.22 0.0542 1247.4
23 0.23 0.0567 1304.1
24 0.24 0.0592 1360.8
25 0.25 0.0617 1417.5
26 0.26 0.0642 1474.2
27 0.27 0.0667 1530.9
28 0.28 0.0693 1587.6
29 0.29 0.0718 1644.3
30 0.3 0.0743 1701.0
31 0.31 0.0769 1757.7
32 0.32 0.0794 1814.4
33 0.33 0.0819 1871.1
34 0.34 0.0845 1927.8
35 0.35 0.087 1984.5
36 0.36 0.0896 2041.2
37 0.37 0.0921 2097.9
38 0.38 0.0947 2154.6
39 0.39 0.0973 2211.3
40 0.4 0.0998 2268.0
41 0.41 0.102 2324.7
42 0.42 0.105 2381.4
43 0.43 0.108 2438.1
44 0.44 0.11 2494.8
45 0.45 0.113 2551.5
46 0.46 0.115 2608.2
47 0.47 0.118 2664.9
48 0.48 0.12 2721.6
49 0.49 0.123 2778.3
50 0.5 0.125 2835.0
51 0.51 0.128 2891.7
I.b. ribs-->
<- yielding
201
INC STEP Displ. Load
TIMElLPF Onches] rkips]
52 0.52 0.13 2948.4
53 0.53 0.133 3005.1
54 0.54 0.135 3061.8
55 0.55 0.138 3118.5
56 0.56 0.14 3175.2
57 0.57 0.143 3231.9
58 0.58 0.145 3288.6
59 0.59 0.148 3345.3
60 0.6 0.15 3402.0
61 0.61 0.153 3458.7
62 0.62 0.156 3515.4
63 0.63 0.159 3572.1
64 0.64 0.162 3628.8
65 0.65 0.166 3685.5
66 0.66 0.169 3742.2
67 0.67 0.172 3798.9
68 0.68 0.175 3855.6
69 0.69 0.179 3912.3
70 0.7 0.182 3969.0
71 0.71 0.186 4025.7
72 0.72 0.19 4082.4
73 0.73 0.194 4139.1
74 0.74 0.198 4195.8
75 0.75 0.202 4252.5
76 0.76 0.207 4309.2
77 0.77 0.212 4365.9
78 0.78 0.218 4422.6
79 0.79 0.225 4479.3
80 0.8 0.232 4536.0
81 0.81 0.239 4592.7
82 0.82 0.247 4649.4
83 0.83 0.255 4706.1
84 0.84 0.265 4762.8
85 0.85 0.275 4819.5
86 0.86 0.284 4876.2
87 0.87 0.293 4932.9
88 0.88 0.303 4989.6
89 0.89 0.312 5046.3
90 0.9 0.323 5103.0
91 0.91 0.333 5159.7
92 0.92 0.345 5216.4
93 0.93 0.357 5273.1
94 0.94 0.37 5329.8
95 0.95 0.385 5386.5
96 0.96 0.403 5443.2
97 0.97 0.424 5499.9
98 0.973 0.43 5516.9
99 0.975 0.436 5528.3
100 0.979 0.444 5550.9
PHASE 2-8 e =17" td =1/8"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC STEP Clsp!. Load
TIMElLPF nnchesl [klpsl
1 0.01 0.00242 25.3
2 0.02 0.00484 50.6
3 0.03 0.00726 75.9
4 0.04 0.00968 101.3
5 0.05 0.0121 126.6
6 0.06 0.0145 151.9
7 0.07 0.0169 177.2
8 0.08 0.0194 202.5
9 0.09 0.0218 227.8
10 0.1 0.0242 253.1
11 0.11 0.0266 278.4
12 0.12 0.029 303.8
13 0.13 0.0315 329.1
14 0.14 0.0339 354.4
15 0.15 0.0363 379.7
16 0.16 0.0387 405.0
17 0.17 0.0411 430.3
18 0.18 0.0435 455.6
19 0.19 0.046 480.9
20 0.2 0.0484 506.3
21 0.21 0.0508 531.6
22 0.22 0.0532 556.9
23 0.23 0.0556 582.2
24 0.24 0.0581 607.5
25 0.243 0.0587 615.1
26 0.245 0.0593 620.2
27 0.248 0.0599 627.8
28 0.251 0.0609 635.3
29 0.257 0.0623 650.5
30 0.265 0.0645 670.8
31 0.275 0.0671 696.1
32 0.285 0.0697 721.4
33 0.295 0.0723 746.7
34 0.305 0.0749 n2.0
35 0.315 0.On6 797.3
36 0.325 0.0802 822.7
37 0.335 0.0828 848.0
38 0.345 0.0854 873.3
39 0.355 0.0881 898.6
40 0.365 0.0908 923.9
41 0.375 0.0936 949.2
42 0.385 0.0963 974.5
43 0.395 0.099 999.8
44 0.405 0.102 1025.2
45 0.415 0.104 1050.5
46 0.425 0.107 1075.8
47 0.435 0.11 1101.1
48 0.445 0.113 1126.4
<- I.b. deck
202
PHASE 2-B e =17" td =3/16"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION:
INC STEP Dlspl. Load
TIMElLPF [Inches] [kIps]
1 0.01 0.00206 25.3
2 0.02 0.00413 50.6
3 0.03 0.00619 75.9
4 0.04 0.00825 101.3
5 0.05 0.0103 126.6
6 0.06 0.0124 151.9
7 0.07 0.0144 177.2
8 0.08 0.0165 202.5
9 0.09 0.0186 227.8
10 0.1 0.0206 253.1
11 0.11 0.0227 278.4
12 0.12 0.0247 303.8
13 0.13 0.0268 329.1
14 0.14 0.0289 354.4
15 0.15 0.0309 379.7
16 0.16 0.033 405.0
17 0.17 0.035 430.3
18 0.18 0.0371 455.6
19 0.19 0.0392 480.9
20 0.2 0.0412 506.3
21 0.21 0.0433 531.6
22 0.22 0.0453 556.9
23 0.23 0.0474 582.2
24 0.24 0.0495 607.5
25 0.25 0.0515 632.8
26 0.26 0.0536 658.1
27 0.27 0.0557 683.4
28 0.28 0.0577 708.8
29 0.29 0.0598 734.1
30 0.3 0.0618 759.4
31 0.31 0.0639 784.7
32 0.32 0.066 810.0
33 0.33 0.068 835.3
34 0.34 0.0701 860.6
35 0.35 0.0722 885.9
36 0.36 0.0742 911.3
37 0.37 0.0763 936.6
38 0.38 0.0784 961.9
39 0.39 0.0804 987.2
40 0.4 0.0825 1012.5
41 0.41 0.0846 1037.8
42 0.42 0.0866 1063.1
43 0.43 0.0887 1088.4
44 0.44 0.0908 1113.8
45 0.45 0.0928 1139.1
46 0.46 0.0949 1164.4
47 0.47 0.097 1189.7
48 0.48 0.0991 1215.0
49 0.49 0.101 1240.3
50 0.5 0.103 1265.6
51 0.51 0.105 1290.9
I.b. deck->
I.b. ribs->
yielding ->
203
INC STEP Dlspl. Load
TIMElLPF [Inches] [kIps]
52 0.52 0.107 1316.3
53 0.53 0.109 1341.6
54 0.54 0.111 1366.9
55 0.55 0.114 1392.2
56 0.56 0.116 1417.5
57 0.57 0.118 1442.8
58 0.58 0.12 1468.1
59 0.59 0.122 1493.4
60 0.6 0.124 1518.8
61 0.61 0.127 1544.1
62 0.62 0.129 1569.4
63 0.63 0.131 1594.7
64 0.64 0.133 1620.0
65 0.65 0.136 1645.3
66 0.66 0.138 1670.6
67 0.67 0.14 1695.9
68 0.68 0.143 1721.3
69 0.69 0.145 1746.6
70 0.7 0.147 1771.9
71 0.71 0.15 1797.2
72 0.72 0.152 1822.5
73 0.73 0.154 1847.8
74 0.74 0.157 1873.1
75 0.75 0.159 1898.4
76 0.76 0.161 1923.8
77 0.77 0.164 1949.1
78 0.78 0.166 1974.4
79 0.79 0.168 1999.7
80 0.8 0.171 2025.0
81 0.81 0.173 2050.3
82 0.82 0.176 2075.6
83 0.83 0.178 2100.9
84 0.84 0.18 2126.3
85 0.85 0.183 2151.6
86 0.86 0.185 2176.9
87 0.87 0.188 2202.2
88 0.88 0.19 2227.5
89 0.89 0.193 2252.8
90 0.9 0.195 2278.1
91 0.91 0.197 2303.4
92 0.92 0.2 2328.8
93 0.93 0.202 2354.1
94 0.94 0.205 2379.4
95 0.95 0.207 2404.7
96 0.96 0.21 2430.0
97 0.97 0.213 2455.3
98 0.98 0.215 2480.6
99 0.99 0.218 2505.9
PHASE 2-8 e =17"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC STEP D1spl. Load
TIMElLPF [Inches] £kIDS1
1 0.01 0.00252 35.4
2 0.02 0.00505 70.9
3 0.03 0.00757 106.3
4 0.04 0.0101 141.8
5 0.05 0.0126 177.2
6 0.06 0.0151 212.6
7 0.07 0.0177 248.1
8 0.08 0.0202 283.5
9 0.09 0.0227 318.9
10 0.1 0.0252 354.4
11 0.11 0.0278 389.8
12 0.12 0.0303 425.3
13 0.13 0.0328 460.7
14 0.14 0.0353 496.1
15 0.15 0.0379 531.6
16 0.16 0.0404 567.0
17 0.17 0.0429 602.4
18 0.18 0.0454 637.9
19 0.19 0.048 673.3
20 0.2 0.0505 708.8
21 0.21 0.053 744.2
22 0.22 0.0555 779.6
23 0.23 0.0581 815.1
24 0.24 0.0606 850.5
25 0.25 0.0631 885.9
26 0.26 0.0657 921.4
27 0.27 0.0682 956.8
28 0.28 0.D708 992.3
29 0.29 0.0733 1027.7
30 0.3 0.0758 1063.1
31 0.31 0.0784 1098.6
32 0.32 0.0809 1134.0
33 0.33 0.0835 1169.4
34 0.34 0.086 1204.9
35 0.35 0.0886 1240.3
36 0.36 0.0911 1275.8
37 0.37 0.0937 1311.2
38 0.38 0.0962 1346.6
39 0.39 0.0988 1382.1
40 0.4 0.101 1417.5
41 0.41 0.104 1452.9
42 0.42 0.106 1488.4
43 0.43 0.109 1523.8
44 0.44 0.112 1559.3
45 0.45 0.114 1594.7
46 0.46 0.117 1630.1
47 0.47 0.119 1665.6
48 0.48 0.122 1701.0
49 0.49 0.124 1736.4
50 0.5 0.127 1771.9
51 0.51 0.13 1807.3
I.b. deck->
I.b. rlbs->
yielding ->
204
INC STEP Dispi. Load
TIMElLPF [Inches] £kIps]
52 0.52 0.132 1842.8
53 0.53 0.135 1878.2
54 0.54 0.137 1913.6
55 0.55 0.14 1949.1
56 0.56 0.142 1984.5
57 0.57 0.145 2019.9
58 0.58 0.148 2055.4
59 0.59 0.15 2090.8
60 0.6 0.153 2126.3
61 0.61 0.155 2161.7
62 0.62 0.158 2197.1
63 0.63 0.16 2232.6
64 0.64 0.163 2268.0
65 0.65 0.166 2303.4
66 0.66 0.168 2338.9
67 0.67 0.171 2374.3
68 0.68 0.173 2409.8
69 0.69 0.176 2445.2
70 0.7 0.179 2480.6
71 0.71 0.181 2516.1
72 0.72 0.184 2551.5
73 0.73 0.187 2586.9
74 0.74 0.19 2622.4
75 0.75 0.192 2657.8
76 0.76 0.195 2693.3
77 0.77 0.198 2728.7
78 0.78 0.201 2764.1
79 0.79 0.204 2799.6
80 0.8 0.207 2835.0
81 0.81 0.21 2870.4
82 0.82 0.213 2905.9
83 0.83 0.216 2941.3
84 0.84 0.219 2976.8
85 0.85 0.222 3012.2
56 0.86 0.225 3047.6
87 0.87 0.229 3083.1
88 0.88 0.232 3118.5
89 0.89 0.235 3153.9
90 0.9 0.238 3189.4
91 0.91 0.241 3224.8
92 0.92 0.245 3260.3
93 0.93 0.248 3295.7
94 0.94 0.252 3331.1
95 0.95 0.256 3366.6
96 0.96 0.26 3402.0
97 0.97 0.264 3437.4
98 0.98 0.269 3472.9
99 0.99 0.273 3508.3
100 1 0.278 3543.8
PHASE 2-8 e =17" td = 3/8"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC STEP Dlspl. Load
TIMElLPF [lnchesl [ldDsl
1 0.01 0.0026 45.6
2 0.02 0.00521 91.1
3 0.03 0.00781 136.7
4 0.04 0.0104 182.3
5 0.05 0.013 227.8
6 0.06 0.0156 273.4
7 0.07 0.0182 318.9
8 0.08 0.0208 364.5
9 0.09 0.0234 410.1
10 0.1 0.026 455.6
11 0.11 0.0286 501.2
12 0.12 0.0313 546.8
13 0.13 0.0339 592.3
14 0.14 0.0365 637.9
15 0.15 0.0391 683.4
16 0.16 0.0417 729.0
17 0.17 0.0443 774.6
18 0.18 0.0469 820.1
19 0.19 0.0496 865.7
20 0.2 0.0522 911.3
21 0.21 0.0548 956.8
22 0.22 0.0574 1002.4
23 0.23 0.0601 1047.9
24 0.24 0.0627 1093.5
25 0.25 0.0653 1139.1
26 0.26 0.068 1184.6
27 0.27 0.0706 1230.2
28 0.28 0.0733 1275.8
29 0.29 0.0759 1321.3
30 0.3 0.0786 1366.9
31 0.31 0.0812 1412.4
32 0.32 0.0839 1458.0
33 0.33 0.0865 1503.6
34 0.34 0.0892 1549.1
35 0.35 0.0919 1594.7
36 0.36 0.0945 1640.3
37 0.37 0.0972 1685.8
38 0.38 0.0999 1731.4
39 0.39 0.103 1776.9
40 0.4 0.105 1822.5
41 0.41 0.108 1868.1
42 0.42 0.111 1913.6
43 0.43 0.113 1959.2
44 0.44 0.116 2004.8
45 0.45 0.119 2050.3
46 0.46 0.121 2095.9
47 0.47 0.124 2141.4
48 0.48 0.127 2187.0
49 0.49 0.13 2232.6
50 0.5 0.132 2278.1
51 0.51 0.135 2323.7
yielding ->
I.b. ribs->
and deck
205
INC STEP Dlspl. Load
TIMElLPF [lnchesl rklDsl
52 0.52 0.138 2369.3
53 0.53 0.14 2414.8
54 0.54 0.143 2460.4
55 0.55 0.146 2505.9
56 0.56 0.148 2551.5
57 0.57 0.151 2597.1
58 0.58 0.154 2642.6
59 0.59 0.157 2688.2
60 0.6 0.159 2733.8
61 0.61 0.162 2779.3
62 0.62 0.165 2824.9
63 0.63 0.168 2870.4
64 0.64 0.17 2916.0
65 0.65 0.173 2961.6
66 0.66 0.176 3007.1
67 0.67 0.178 3052.7
68 0.68 0.181 3098.3
69 0.69 0.184 3143.8
70 0.7 0.186 3189.4
71 0.71 0.189 3234.9
72 0.72 0.192 3280.5
73 0.73 0.194 3326.1
74 0.74 0.197 3371.6
75 0.75 0.2 3417.2
76 0.76 0.203 3462.8
77 0.77 0.207 3508.3
78 0.78 0.21 3553.9
79 0.79 0.214 3599.4
80 0.8 0.217 3645.0
81 0.81 0.22 3690.6
82 0.82 0.224 3736.1
83 0.83 0.228 3781.7
84 0.84 0.232 3827.3
85 0.85 0.236 3872.8
86 0.86 0.24 3918.4
87 0.87 0.244 3963.9
88 0.88 0.249 4009.5
89 0.89 0.253 4055.1
90 0.9 0.258 4100.6
91 0.91 0.263 4146.2
92 0.92 0.269 4191.8
93 0.93 0.277 4237.3
94 0.94 0.284 4282.9
95 0.95 0.292 4328.4
96 0.96 0.3 4374.0
97 0.97 0.308 4419.6
98 0.98 0.316 4465.1
99 0.99 0.325 4510.7
100 1 0.336 4556.3
PHASE 2-8 e =17" td =1/2"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION:
INC STEP Dlspl. Load
TIMElLPF [Inches] [kIps]
1 0.01 0.00266 55.7
2 0.02 0.00532 111.4
3 0.03 0.00798 167.1
4 0.04 0.0106 222.8
5 0.05 0.0133 278.4
6 0.06 0.016 334.1
7 0.07 0.0186 389.8
8 0.08 0.0213 445.5
9 0.09 0.024 501.2
10 0.1 0.0266 556.9
11 0.11 0.0293 612.6
12 0.12 0.032 668.3
13 0.13 0.0347 723.9
14 0.14 0.0374 779.6
15 0.15 0.04 835.3
16 0.16 0.0427 891.0
17 0.17 0.0454 946.7
18 0.18 0.0481 1002.4
19 0.19 0.0508 1058.1
20 0.2 0.0535 1113.8
21 0.21 0.0562 1169.4
22 0.22 0.059 1225.1
23 0.23 0.0617 1280.8
24 0.24 0.0644 1336.5
25 0.25 0.0671 1392.2
26 0.26 0.0698 1447.9
27 0.27 0.0726 1503.6
28 0.28 0.0753 1559.3
29 0.29 0.0781 1614.9
30 0.3 0.0808 1670.6
31 0.31 0.0836 1726.3
32 0.32 0.0863 1782.0
33 0.33 0.0891 1837.7
34 0.34 0.0918 1893.4
35 0.35 0.0946 1949.1
36 0.36 0.0974 2004.8
37 0.37 0.1 2060.4
38 0.38 0.103 2116.1
39 0.39 0.106 2171.8
40 0.4 0.109 2227.5
41 0.41 0.111 2283.2
42 0.42 0.114 2338.9
43 0.43 0.117 2394.6
44 0.44 0.12 2450.3
45 0.45 0.122 2505.9
46 0.46 0.125 2561.6
47 0.47 0.128 2617.3
48 0.48 0.131 2673.0
49 0.49 0.134 2728.7
50 0.5 0.136 2784.4
51 0.51 0.139 2840.1
I.b. ribs->
<- yielding
206
INC STEP Dlspl. Load
TIMElLPF [Inches] [kIps]
52 0.52 0.142 2895.8
53 0.53 0.144 2951.4
54 0.54 0.147 3007.1
55 0.55 0.15 3062.8
56 0.56 0.153 3118.5
57 0.57 0.155 3174.2
58 0.58 0.158 3229.9
59 0.59 0.161 3285.6
60 0.6 0.164 3341.3
61 0.61 0.167 3396.9
62 0.62 0.17 3452.6
63 0.63 0.173 3508.3
64 0.64 0.176 3564.0
65 0.65 0.179 3619.7
66 0.66 0.183 3675.4
67 0.67 0.186 3731.1
68 0.68 0.19 3786.8
69 0.69 0.194 3842.4
70 0.7 0.197 3898.1
71 0.71 0.201 3953.8
72 0.72 0.205 4009.5
73 0.73 0.21 4065.2
74 0.74 0.214 4120.9
75 0.75 0.218 4176.6
76 0.76 0.223 4232.3
77 0.77 0.228 4287.9
78 0.78 0.233 4343.6
79 0.79 0.24 4399.3
80 0.8 0.247 4455.0
81 0.81 0.254 4510.7
82 0.82 0.262 4566.4
83 0.83 0.27 4622.1
84 0.84 0.278 4677.8
85 0.85 0.288 4733.4
86 0.86 0.298 4789.1
87 0.87 0.308 4844.8
88 0.88 0.317 4900.5
89 0.89 0.327 4956.2
90 0.9 0.337 5011.9
91 0.91 0.347 5067.6
92 0.92 0.358 5123.3
93 0.93 0.37 5178.9
94 0.94 0.386 5234.6
95 0.943 0.391 5251.3
96 0.946 0.397 5268.0
97 0.948 0.4 5279.2
98 0.95 0.405 5290.3
99 0.951 0.407 5295.9
100 0.952 0.41 5301.5
PHASE 2-8 e =17" tt =5/8"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION:
INC STEP Dispi. Load
TIMElLPF [Inches] [kIps]
1 0.01 0.00271 65.8
2 0.02 0.00541 131.6
3 0.03 0.00812 197.4
4 0.04 0.0108 263.3
5 0.05 0.0135 329.1
6 0.06 0.0162 394.9
7 0.07 0.019 460.7
8 0.08 0.0217 526.5
9 0.09 0.0244 592.3
10 0.1 0.0271 658.1
11 0.11 0.0299 723.9
12 0.12 0.0326 789.8
13 0.13 0.0353 855.6
14 0.14 0.0381 921.4
15 0.15 0.0408 987.2
16 0.16 0.0436 1053.0
17 0.17 0.0463 1118.8
18 0.18 0.0491 1184.6
19 0.19 0.0519 125Q.4
20 0.2 0.0546 1316.3
21 0.21 0.0574 1382.1
22 0.22 0.0602 1447.9
23 0.23 0.063 1513.7
24 0.24 0.0658 1579.5
25 0.25 0.0686 1645.3
26 0.26 0.0714 1711.1
27 0.27 0.0742 1776.9
28 0.28 0.077 1842.8
29 0.29 0.0799 1908.6
30 0.3 0.0827 1974.4
31 0.31 0.0855 2040.2
32 0.32 0.0884 2106.0
33 0.33 0.0912 2171.8
34 0.34 0.094 2237.6
35 0.35 0.0969 2303.4
36 0.36 0.0998 2369.3
37 0.37 0.103 2435.1
38 0.38 0.105 2500.9
39 0.39 0.108 2566.7
40 0.4 0.111 2632.5
41 0.41 0.114 2698.3
42 0.42 0.117 2764.1
43 0.43 0.119 2829.9
44 0.44 0.122 2895.8
45 0.45 0.125 2961.6
46 0.46 0.128 3027.4
47 0.47 0.13 3093.2
48 0.48 0.133 3159.0
49 0.49 0.136 3224.8
50 0.5 0.139 329D.6
51 0.51 0.142 3356.4
I.b. ribs->
<- yielding
207
INC STEP Dispi. Load
TIMElLPF [Inches] [kIps]
52 0.52 0.145 3422.3
53 0.53 0.148 3488.1
54 0.54 0.151 3553.9
55 0.55 0.154 3619.7
56 0.56 0.158 3685.5
57 0.57 0.161 3751.3
58 0.58 0.165 3817.1
59 0.59 0.168 3882.9
60 0.6 0.172 3948.8
61 0.61 0.176 4014.6
62 0.62 0.18 4080.4
63 0.63 0.184 4146.2
64 0.64 0.189 4212.0
65 0.65 0.193 4277.8
66 0.66 0.198 4343.6
67 0.67 0.203 4409.4
68 0.68 0.208 4475.3
69 0.69 0.215 4541.1
70 0.7 0.222 4606.9
71 0.71 0.23 4672.7
72 0.72 0.238 4738.5
73 0.73 0.246 4804.3
74 0.74 0.256 4870.1
75 0.75 0.266 4935.9
76 0.76 0.276 5001.8
77 0.77 0.286 5067.6
78 0.78 0.296 5133.4
79 0.79 0.306 5199.2
80 0.8 0.317 5265.0
81 0.81 0.329 5330.8
82 0.82 0.341 5396.6
83 0.83 0.354 5462.4
84 0.84 0.369 5528.3
85 0.85 0.384 5594.1
86 0.86 0.402 5659.9
87 0.863 0.407 5679.6
88 0.865 0.413 5692.8
89 0.869 0.421 5719.1
90 0.874 0.434 5752.0
91 0.883 0.454 5811.2
92 0.891 0.474 5863.9
93 0.9 0.496 5923.1
94 0.91 0.527 5988.9
95 0.912 0.535 6002.1
96 0.916 0.548 6028.4
97 0.917 0.553 6035.0
98 0.919 0.562 6048.2
PHASE 2-C e =19" td =1/8"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC STEP D1spl. Load
TIMElLPF nnchesl [kIDSl
1 0.01 0.00151 16.2
2 0.02 0.00303 32.4
3 0.03 0.00454 48.6
4 0.04 0.00606 64.8
5 0.05 0.00757 81.0
6 0.06 0.00908 97.2
7 0.07 0.0106 113.4
8 0.08 0.0121 129.6
9 0.09 0.0136 145.8
10 0.1 0.0151 162.0
11 0.11 0.0166 178.2
12 0.12 0.0182 194.4
13 0.13 0.0197 210.6
14 0.14 0.0212 226.8
15 0.15 0.0227 243.0
16 0.16 0.0242 259.2
17 0.17 0.0257 275.4
18 0.18 0.0272 291.6
19 0.19 0.0287 307.8
20 0.2 0.0303 324.0
21 0.21 0.0318 340.2
22 0.22 0.0333 356.4
23 0.23 0.0348 372.6
24 0.24 0.0363 388.8
25 0.25 0.0378 405.0
26 0.26 0.0393 421.2
27 0.27 0.0408 437.4
28 0.28 0.0424 453.6
29 0.29 0.0439 469.8
30 0.3 0.0454 486.0
31 0.303 0.0458 490.9
32 0.306 0.0463 495.7
33 0.309 0.0468 500.6
34 0.313 0.0474 507.1
35 0.32 0.0484 518.4
36 0.329 0.05 533.0
37 0.339 0.0516 549.2
38 0.349 0.0532 565.4
39 0.359 0.0549 581.6
40 0.369 0.0565 597.8
41 0.379 0.0582 614.0
42 0.389 0.0598 630.2
43 0.399 0.0615 646.4
44 0.409 0.0631 662.6
45 0.419 0.0648 678.8
46 0.429 0.0664 695.0
47 0.439 0.0681 711.2
48 0.449 0.0697 727.4
<- I.b. deck
208
PHASE 2-C e =19" t" =3/16"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC STEP DlspJ. Load
TIMEIlPF nnches] [kIps]
1 0.01 0.00171 21.6
2 0.02 0.00342 43.2
3 0.03 0.00513 64.8
4 0.04 0.00684 86.4
5 0.05 0.00855 108.0
6 0.06 0.0103 129.6
7 0.07 0.012 151.2
8 0.08 0.0137 172.8
9 0.09 0.0154 194.4
10 0.1 0.0171 216.0
11 0.11 0.0188 237.6
12 0.12 0.0205 259.2
13 0.13 0.0222 28D.8
14 0.14 0.0239 302.4
15 0.15 0.0256 324.0
16 0.16 0.0274 345.6
17 0.17 0.0291 367.2
18 0.18 0.0308 388.8
19 0.19 0.0325 410.4
20 0.2 0.0342 432.0
21 0.21 0.0359 453.6
22 0.22 0.0376 475.2
23 0.23 0.0393 496.8
24 0.24 0.041 518.4
25 0.25 0.0427 540.0
26 0.26 0.0444 561.6
27 0.27 0.0462 583.2
28 0.28 0.0479 604.8
29 0.29 0.0496 626.4
30 0.3 0.0513 648.0
31 0.31 0.053 669.6
32 0.32 0.0547 691.2
33 0.33 0.0564 712.8
34 0.34 0.0581 734.4
35 0.35 0.0598 756.0
36 0.36 0.0616 777.6
37 0.37 0.0633 799.2
38 0.38 0.065 820.8
39 0.39 0.0667 842.4
40 0.4 0.0684 864.0
41 0.41 0.0701 885.6
42 0.42 0.0718 907.2
43 0.43 0.0736 928.8
44 0.44 0.0753 950.4
45 0.45 0.077 972.0
46 0.46 0.0787 993.6
47 0.47 0.0804 1015.2
48 0.48 0.0821 1036.8
49 0.49 0.0839 1058.4
50 0.5 0.0856 1080.0
51 0.51 0.0873 1101.6
J.b. deck->
I.b. ribs->
209
INC STEP DlspJ. Load
TIMElLPF nnches] [kIps]
52 0.52 0.089 1123.2
53 0.53 0.0907 1144.8
54 0.54 0.0925 1166.4
55 0.55 0.0942 1188.0
56 0.56 0.096 1209.6
57 0.57 0.0978 1231.2
58 0.58 0.0996 1252.8
59 0.59 0.102 1274.4
60 0.6 0.103 1296.0
61 0.61 0.105 1317.6
62 0.62 0.107 1339.2
63 0.63 0.109 1360.8
64 0.64 0.111 1382.4
65 0.65 0.113 1404.0
66 0.66 0.115 1425.6
67 0.67 0.117 1447.2
68 0.68 0.119 1468.8
69 0.69 0.121 1490.4
70 0.7 0.122 1512.0
71 0.71 0.124 1533.6
72 0.72 0.126 1555.2
73 0.73 0.128 1576.8
74 0.74 0.13 1598.4
75 0.75 0.132 1620.0
76 0.76 0.134 1641.6
77 0.77 0.136 1663.2
78 0.78 0.138 1684.8
79 0.79 0.14 1706.4
80 0.8 0.142 1728.0
81 0.81 0.144 1749.6
82 0.82 0.146 1771.2
83 0.83 0.148 1792.8
84 0.84 0.15 1814.4
85 0.85 0.152 1836.0
86 0.86 0.154 1857.6
87 0.87 0.156 1879.2
88 0.88 0.158 1900.8
89 0.89 0.16 1922.4
90 0.9 0.162 1944.0
91 0.91 0.164 1965.6
92 0.92 0.166 1987.2
93 0.93 0.168 2008.8
94 0.94 0.17 2030.4
95 0.95 0.172 2052.0
96 0.96 0.174 2073.6
97 0.97 0.176 2095.2
98 0.98 0.179 2116.8
99 0.99 0.181 2138.4
100 1 0.183 2160.0
PHASE 2-C e =19" td =1/4"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION:
INC STEP Displ. Load
TIMElLPF [Inches] [kIps]
1 0.01 0.00223 32.4
2 0.02 0.00447 64.8
3 0.03 0.0067 97.2
4 0.04 0.00893 129.6
5 0.05 0.0112 162.0
6 0.06 0.0134 194.4
7 0.07 0.0156 226.8
8 0.08 0.0179 259.2
9 0.09 0.0201 291.6
10 0.1 0.0223 324.0
11 0.11 0.0246 356.4
12 0.12 0.0268 388.8
13 0.13 0.029 421.2
14 0.14 0.0313 453.6
15 0.15 0.0335 486.0
16 0.16 0.0357 518.4
17 0.17 0.038 550.8
18 0.18 0.0402 583.2
19 0.19 0.0424 615.6
20 0.2 0.0447 648.0
21 0.21 0.0469 680.4
22 0.22 0.0492 712.8
23 0.23 0.0514 745.2
24 0.24 0.0536 777.6
25 0.25 0.0559 810.0
26 0.26 0.0581 842.4
27 0.27 0.0604 874.8
28 0.28 0.0626 907.2
29 0.29 0.0649 939.6
30 0.3 0.0671 972.0
31 0.31 0.0694 1004.4
32 0.32 0.0716 1036.8
33 0.33 0.0739 1069.2
34 0.34 0.0761 1101.6
35 0.35 0.0784 1134.0
36 0.36 0.0806 1166.4
37 0.37 0.0829 1198.8
38 0.38 0.0851 1231.2
39 0.39 0.0874 1263.6
40 0.4 0.0897 1296.0
41 0.41 0.0919 1328.4
42 0.42 0.0942 1360.8
43 0.43 0.0964 1393.2
44 0.44 0.0987 1425.6
45 0.45 0.101 1458.0
46 0.46 0.103 1490.4
47 0.47 0.106 1522.8
48 0.48 0.108 1555.2
49 0.49 0.11 1587.6
50 0.5 0.112 1620.0
51 0.51 0.115 1652.4
I.b. deck->
I.b. ribs->
yielding ->
210
INC STEP Dlspl. Load
TIMElLPF [Inches] [kIps]
52 0.52 0.117 1684.8
53 0.53 0.119 1717.2
54 0.54 0.121 1749.6
55 0.55 0.124 1782.0
56 0.56 0.126 1814.4
57 0.57 0.128 1846.8
58 0.58 0.131 1879.2
59 0.59 0.133 1911.6
60 0.6 0.135 1944.0
61 0.61 0.137 1976.4
62 0.62 0.14 2008.8
63 0.63 0.142 2041.2
64 0.64 0.144 2073.6
65 0.65 0.147 2106.0
66 0.66 0.149 2138.4
67 0.67 0.152 2170.8
68 0.68 0.154 2203.2
69 0.685 0.155 2219.4
70 0.693 0.157 2245.3
71 0.703 0.16 2277.7
72 0.713 0.162 2310.1
73 0.723 0.165 2342.5
74 0.733 0.167 2374.9
75 0.743 0.17 2407.3
76 0.753 0.172 2439.7
77 0.763 0.175 2472.1
78 0.773 0.178 2504.5
79 0.783 0.18 2536.9
80 0.793 0.183 2569.3
81 0.803 0.186 2601.7
82 0.813 0.188 2634.1
83 0.823 0.191 2666.5
84 0.833 0.194 2698.9
85 0.843 0.196 2731.3
86 0.853 0.199 2763.7
87 0.863 0.202 2796.1
88 0.873 0.205 2828.5
89 0.883 0.207 2860.9
90 0.893 0.21 2893.3
91 0.903 0.213 2925.7
92 0.913 0.216 2958.1
93 0.923 0.219 2990.5
94 0.933 0.221 3022.9
95 0.943 0.224 3055.3
96 0.953 0.227 3087.7
97 0.963 0.23 3120.1
98 0.973 0.233 3152.5
99 0.983 0.236 3184.9
100 0.993 0.239 3217.3
PHASE 2-C e =19" lei =3/8"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC STEP Dlspl. Load
TIMElLPF [Inches] [kIps]
1 0.01 0.00237 43.2
2 0.02 0.00475 86.4
3 0.03 0.00712 129.6
4 0.04 0.0095 172.8
5 0.05 0.0119 216.0
6 0.06 0.0142 259.2
7 0.07 0.0166 302.4
8 0.08 0.019 345.6
9 0.09 0.0214 388.8
10 0.1 0.0238 432.0
11 0.11 0.0261 475.2
12 0.12 0.0285 518.4
13 0.13 0.0309 561.6
14 0.14 0.0333 604.8
15 0.15 0.0357 648.0
16 0.16 0.0381 691.2
17 0.17 0.0404 734.4
18 0.18 0.0428 777.6
19 0.19 0.0452 820.8
20 0.2 0.0476 864.0
21 0.21 0.05 907.2
22 0.22 0.0524 950.4
23 0.23 0.0548 993.6
24 0.24 0.0572 1036.8
25 0.25 0.0596 1080.0
26 0.26 0.062 1123.2
27 0.27 0.0645 1166.4
28 0.28 0.0669 1209.6
29 0.29 0.0693 1252.8
30 0.3 0.0717 1296.0
31 0.31 0.0741 1339.2
32 0.32 0.0766 1382.4
33 0.33 0.079 1425.6
34 0.34 0.0814 1468.8
35 0.35 0.0839 1512.0
36 0.36 0.0863 1555.2
37 0.37 0.0887 1598.4
38 0.38 0.0912 1641.6
39 0.39 0.0936 1684.8
40 0.4 0.0961 1728.0
41 0.41 0.0985 1771.2
42 0.42 0.101 1814.4
43 0.43 0.103 1857.6
44 0.44 0.106 1900.8
45 0.45 0.108 1944.0
46 0.46 0.111 1987.2
47 0.47 0.113 2030.4
48 0.48 0.116 2073.6
49 0.49 0.118 2116.8
50 0.5 0.121 2160.0
51 0.51 0.123 2203.2
yielding -->
I.b.ribs -->
and deck
211
INC STEP Dlspl. Load
TIMElLPF [Inches] [kIps]
52 0.52 0.126 2246.4
53 0.53 0.128 2289.6
54 0.54 0.131 2332.8
55 0.55 0.133 2376.0
56 0.56 0.136 2419.2
57 0.57 0.138 2462.4
58 0.58 0.141 2505.6
59 0.59 0.143 2548.8
60 0.6 0.146 2592.0
61 0.61 0.148 2635.2
62 0.62 0.151 2678.4
63 0.63 0.153 2721.6
64 0.64 0.156 2764.8
65 0.65 0.158 2808.0
66 0.66 0.16 2851.2
67 0.67 0.163 2894.4
68 0.68 0.165 2937.6
69 0.69 0.168 2980.8
70 0.7 0.17 3024.0
71 0.71 0.173 3067.2
72 0.72 0.175 3110.4
73 0.73 0.178 3153.6
74 0.74 0.18 3196.8
75 0.75 0.182 3240.0
76 0.76 0.185 3283.2
77 0.77 0.187 3326.4
78 0.78 0.19 3369.6
79 0.79 0.193 3412.8
80 0.8 0.195 3456.0
81 0.81 0.198 3499.2
82 0.82 0.201 3542.4
83 0.83 0.204 3585.6
84 0.84 0.207 3628.8
85 0.85 0.211 3672.0
86 0.86 0.214 3715.2
87 0.87 0.217 3758.4
88 0.88 0.22 3801.6
89 0.89 0.224 3844.8
90 0.9 0.227 3888.0
91 0.91 0.231 3931.2
92 0.92 0.235 3974.4
93 0.93 0.238 4017.6
94 0.94 0.242 4060.8
95 0.95 0.246 4104.0
96 0.96 0.25 4147.2
97 0.97 0.255 4190.4
98 0.98 0.259 4233.6
99 0.99 0.264 4276.8
100 1 0.269 4320.0
PHASE 2-C e =19" t" =1/2"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION:
INC STEP Dlspl. Load
TIMElLPF [Inches) [kIps)
1 0.01 0.00247 54.0
2 0.02 0.00495 108.0
3 0.03 0.00742 162.0
4 0.04 0.00989 216.0
5 0.05 0.0124 270.0
6 0.06 0.0148 324.0
7 0.07 0.0173 378.0
8 0.08 0.0198 432.0
9 0.09 0.0223 486.0
10 0.1 0.0248 540.0
11 0.11 0.0273 594.0
12 0.12 0.0297 648.0
13 0.13 0.0322 702.0
14 0.14 0.0347 756.0
15 0.15 0.0372 810.0
16 0.16 0.0397 864.0
17 0.17 0.0422 918.0
18 0.18 0.0447 972.0
19 0.19 0.0473 1026.0
20 0.2 0.0498 1080.0
21 0.21 0.0523 1134.0
22 0.22 0.0548 1188.0
23 0.23 0.0573 1242.0
24 0.24 0.0599 1296.0
25 0.25 0.0624 1350.0
26 0.26 0.065 1404.0
27 0.27 0.0675 1458.0
28 0.28 0.07 1512.0
29 0.29 0.0726 1566.0
30 0.3 0.0752 1620.0
31 0.31 0.0777 1674.0
32 0.32 0.0803 1728.0
33 0.33 0.0829 1782.0
34 0.34 0.0854 1836.0
35 0.35 0.088 1890.0
36 0.36 0.0906 1944.0
37 0.37 0.0932 1998.0
38 0.38 0.0958 2052.0
39 0.39 0.0983 2106.0
40 0.4 0.101 2160.0
41 0.41 0.104 2214.0
42 0.42 0.106 2268.0
43 0.43 0.109 2322.0
44 0.44 0.111 2376.0
45 0.45 0.114 2430.0
46 0.46 0.117 2484.0
47 0.47 0.119 2538.0
48 0.48 0.122 2592.0
49 0.49 0.124 2646.0
50 0.5 0.127 2700.0
51 0.51 0.129 2754.0
I.b. ribs->
I.b. deck->
<- yielding
212
INC STEP Dlspl. Load
TIMElLPF [Inches] [kIpS]
52 0.52 0.132 2808.0
53 0.53 0.135 2862.0
54 0.54 0.137 2916.0
55 0.55 0.14 2970.0
56 0.56 0.142 3024.0
57 0.57 0.145 3078.0
58 0.58 0.147 3132.0
59 0.59 0.15 3186.0
60 0.6 0.152 3240.0
61 0.61 0.155 3294.0
62 0.62 0.158 3348.0
63 0.63 0.16 3402.0
64 0.64 0.163 3456.0
65 0.65 0.166 3510.0
66 0.66 0.169 3564.0
67 0.67 0.172 3618.0
68 0.68 0.175 3672.0
69 0.69 0.178 3726.0
70 0.7 0.182 3780.0
71 0.71 0.185 3834.0
72 0.72 0.188 3888.0
73 0.73 0.191 3942.0
74 0.74 0.195 3996.0
75 0.75 0.199 4050.0
76 0.76 0.203 4104.0
77 0.77 0.207 4158.0
78 0.78 0.211 4212.0
79 0.79 0.215 4266.0
80 0.8 0.219 4320.0
81 0.81 0.223 4374.0
82 0.82 0.228 4428.0
83 0.83 0.233 4482.0
84 0.84 0.239 4536.0
85 0.85 0.246 4590.0
86 0.86 0.252 4644.0
87 0.87 0.259 4698.0
88 0.88 0.266 4752.0
89 0.89 0.274 4806.0
90 0.9 0.282 4860.0
91 0.91 0.291 4914.0
92 0.92 0.3 4968.0
93 0.93 0.309 5022.0
94 0.94 0.318 5076.0
95 0.95 0.327 5130.0
96 0.96 0.336 5184.0
97 0.97 0.345 5238.0
98 0.98 0.355 5292.0
99 0.99 0.366 5346.0
100 1 0.379 5400.0
PHASE 2-C e =19" td =5/S"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION:
INC STEP Dlspl. Load
TIMElLPF [Inches] [kIps]
1 0.01 0.00255 64.8
2 0.02 0.00509 129.6
3 0.03 0.00764 194.4
4 0.04 0.0102 259.2
5 0.05 0.0127 324.0
6 0.06 0.0153 388.8
7 0.07 0.0178 453.6
8 0.08 0.0204 518.4
9 0.09 0.023 583.2
10 0.1 0.0255 648.0
11 0.11 0.0281 712.8
12 0.12 0.0307 777.6
13 0.13 0.0333 842.4
14 0.14 0.0358 907.2
15 0.15 0.0384 972.0
16 0.16 0.041 1036.8
17 0.17 0.0436 1101.6
18 0.18 0.0462 1166.4
19 0.19 0.0488 1231.2
20 0.2 0.0514 1296.0
21 0.21 0.0541 1360.8
22 0.22 0.0567 1425.6
23 0.23 0.0593 149D.4
24 0.24 0.062 1555.2
25 0.25 0.0646 1620.0
26 0.26 0.0673 1684.8
27 0.27 0.0699 1749.6
28 0.28 0.0726 1814.4
29 0.29 0.0752 1879.2
30 0.3 0.0779 1944.0
31 0.31 0.0806 2008.8
32 0.32 0.0832 2073.6
33 0.33 0.0859 2138.4
34 0.34 0.0886 2203.2
35 0.35 0.0913 2268.0
36 0.36 0.094 2332.8
37 0.37 0.0967 2397.6
38 0.38 0.0994 2462.4
39 0.39 0.102 2527.2
40 0.4 0.105 2592.0
41 0.41 0.107 2656.8
42 0.42 0.11 2721.6
43 0.43 0.113 2786.4
44 0.44 0.115 2851.2
45 0.45 0.118 2916.0
46 0.46 0.12 2980.8
47 0.47 0.123 3045.6
48 0.48 0.126 3110.4
49 0.49 0.128 3175.2
50 0.5 0.131 3240.0
51 0.51 0.134 3304.8
I.b. rlbs->
<- yielding
213
INC STEP Dlspl. Load
TIMElLPF [Inches] [kIps]
52 0.52 0.136 3369.6
53 0.53 0.139 3434.4
54 0.54 0.142 3499.2
55 0.55 0.145 3564.0
56 0.56 0.148 3628.8
57 0.57 0.151 3693.6
58 0.58 0.154 3758.4
59 0.59 0.158 3823.2
60 0.6 0.161 3888.0
61 0.61 0.165 3952.8
62 0.62 0.168 4017.6
63 0.63 0.172 4082.4
64 0.64 0.175 4147.2
65 0.65 0.179 4212.0
66 0.66 0.183 4276.8
67 0.67 0.188 4341.6
66 0.68 0.192 4406.4
69 0.69 0.196 4471.2
70 0.7 0.201 4536.0
71 0.71 0.206 4600.8
72 0.72 0.212 4665.6
73 0.73 0.219 4730.4
74 0.74 0.226 4795.2
75 0.75 0.233 4860.0
76 0.76 0.24 4924.8
77 0.77 0.249 4989.6
78 0.78 0.258 5054.4
79 0.79 0.267 5119.2
80 0.8 0.277 5184.0
81 0.81 0.286 5248.8
82 0.62 0.295 5313.6
83 0.63 0.305 5378.4
84 0.84 0.315 5443.2
85 0.65 0.325 5508.0
86 0.66 0.337 5572.8
87 0.87 0.349 5637.6
88 0.88 0.362 5702.4
89 0.89 0.376 5767.2
90 0.9 0.391 5832.0
91 0.91 0.407 5896.8
92 0.92 0.427 5961.6
93 0.93 0.448 6026.4
94 0.94 0.47 6091.2
95 0.943 0.476 611D.6
96 0.945 0.483 6123.6
97 0.949 0.493 6149.5
98 0.95 0.498 6156.0
99 0.952 0.506 6169.0
100 0.953 0.511 6175.4
PHASE 3-A a = is'' td = 1/8"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC STEP Dlspl. Load
TIMElLPF [Inches] [kips]
1 0.01 0.00247 25.5
2 0.02 0.00493 51.0
3 0.03 0.0074 76.5
4 0.04 0.00986 102.1
5 0.05 0.0123 127.6
6 0.06 0.0148 153.1
7 0.07 0.0173 178.6
8 0.08 0.0197 204.1
9 0.09 0.0222 229.6
10 0.1 0.0247 255.2
11 0.11 0.0271 280.7
12 0.12 0.0296 306.2
13 0.13 0.032 331.7
14 0.14 0.0345 357.2
15 0.15 0.037 382.7
16 0.16 0.0394 408.2
17 0.17 0.0419 433.8
18 0.18 0.0444 459.3
19 0.19 0.0468 484.8
20 0.2 0.0493 510.3
21 0.21 0.0517 535.8
22 0.22 0.0542 561.3
23 0.23 0.0567 586.8
24 0.24 0.0591 612.4
25 0.25 0.0616 637.9
26 0.26 0.0641 663.4
27 0.27 0.0665 688.9
28 0.28 0.069 714.4
29 0.283 0.0696 722.1
30 0.286 0.D705 729.7
31 0.292 0.072 745.0
32 0.3 0.0741 765.5
33 0.31 0.0767 791.0
34 0.32 0.0793 816.5
35 0.33 0.082 842.0
36 0.34 0.0846 867.5
37 0.35 0.0873 893.0
38 0.36 0.09 918.5
39 0.37 0.0928 944.1
40 0.38 0.0955 969.6
41 0.39 0.0983 995.1
42 0.4 0.101 1020.6
43 0.41 0.104 1046.1
44 0.42 0.107 1071.6
45 0.43 0.109 1097.1
46 0.44 0.112 1122.7
47 0.45 0.115 1148.2
48 0.46 0.118 1173.7
49 0.47 0.121 1199.2
50 0.48 0.124 1224.7
51 0.49 0.127 1250.2
<-I.b. yielding ->
deck
214
INC STEP Dlspl. Load
TIMElLPF [Inches] [kIps]
52 0.5 0.129 1275.8
53 0.51 0.132 1301.3
54 0.52 0.135 1326.8
55 0.53 0.138 1352.3
56 0.54 0.141 13n.8
57 0.55 0.144 1403.3
58 0.56 0.147 1428.8
59 0.57 0.15 1454.4
60 0.58 0.153 1479.9
61 0.59 0.156 1505.4
62 0.6 0.159 1530.9
63 0.61 0.162 1556.4
64 0.62 0.165 1581.9
65 0.63 0.167 1607.4
66 0.64 0.17 1633.0
67 0.65 0.173 1658.5
68 0.66 0.176 1684.0
69 0.67 0.179 1709.5
70 0.68 0.182 1735.0
71 0.69 0.185 1760.5
72 0.7 0.188 1786.1
73 0.71 0.191 1811.6
74 0.72 0.194 1837.1
75 0.73 0.197 1862.6
76 0.74 0.2 1888.1
77 0.75 0.203 1913.6
78 0.76 0.206 1939.1
79 0.77 0.209 1964.7
80 0.78 0.212 1990.2
81 0.79 0.215 2015.7
82 0.8 0.219 2041.2
83 0.81 0.222 2066.7
84 0.82 0.225 2092.2
85 0.83 0.228 2117.7
86 0.84 0.231 2143.3
87 0.85 0.234 2168.8
88 0.86 0.237 2194.3
89 0.87 0.24 2219.8
90 0.88 0.243 2245.3
91 0.89 0.246 2270.8
92 0.9 0.249 2296.4
93 0.91 0.252 2321.9
94 0.92 0.255 2347.4
95 0.93 0.258 23n.9
96 0.94 0.261 2398.4
97 0.95 0.264 2423.9
98 0.96 0.268 2449.4
99 0.97 0.271 2475.0
100 0.98 0.274 2500.5
PHASE 3-A td =3/16"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION:
INC STEP Dispi. Load
TIMElLPF [Inches] [kIps]
1 0.01 0.00274 33.1
2 0.02 0.00549 66.2
3 0.03 0.00823 99.2
4 0.04 0.011 132.3
5 0.05 0.0137 165.4
6 0.06 0.0165 198.5
7 0.07 0.0192 231.5
8 0.08 0.0219 264.6
9 0.09 0.0247 297.7
10 0.1 0.0274 33o.s
11 0.11 0.0302 363.8
12 0.12 0.0329 396.9
13 0.13 0.0356 430.0
14 0.14 0.0384 463.1
15 0.15 0.0411 496.1
16 0.16 0.0439 529.2
17 0.17 0.0466 562.3
18 0.18 0.0493 595.4
19 0.19 0.0521 628.4
20 0.2 0.0548 661.5
21 0.21 0.0576 694.6
22 0.22 0.0603 727.7
23 0.23 0.063 760.7
24 0.24 0.0658 793.8
25 0.25 0.0685 826.9
26 0.26 0.0713 860.0
27 0.27 0.074 893.0
28 0.28 0.0768 926.1
29 0.29 0.0795 959.2
30 0.3 0.0823 992.3
31 0.31 0.085 1025.3
32 0.32 0.0877 1058.4
33 0.33 0.0905 1091.5
34 0.34 0.0932 1124.6
35 0.35 0.096 1157.6
36 0.36 0.0987 1190.7
37 0.37 0.101 1223.8
38 0.38 0.104 1256.9
39 0.39 0.107 1289.9
40 0.4 0.11 1323.0
41 0.41 0.112 1356.1
42 0.42 0.115 1389.2
43 0.43 0.118 1422.2
44 0.44 0.121 1455.3
45 0.45 0.124 1488.4
46 0.46 0.126 1521.5
47 0.47 0.129 1554.5
48 0.48 0.132 1587.6
49 0.49 0.135 1620.7
50 0.5 0.137 1653.8
51 0.51 0.14 1686.8
yielding ->
<- I.b. deck
215
INC STEP Dlspl. Load
TIMElLPF [Inches] [kIps]
52 0.51 0.14 1686.8
53 0.51 0.14 1686.8
54 0.51 0.14 1686.8
55 0.51 0.14 1686.8
56 0.51 0.14 1686.8
57 0.51 0.14 1686.8
58 0.51 0.14 1686.8
59 0.51 0.14 1686.8
60 0.51 0.14 1686.8
61 0.511 0.14 1690.1
62 0.511 0.14 1690.1
63 0.511 0.14 1690.1
64 0.512 0.141 1693.4
65 0.513 0.141 1696.7
66 0.514 0.141 1700.1
67 0.516 0.142 1706.7
68 0.519 0.143 1716.6
69 0.523 0.144 1729.8
70 0.529 0.146 1749.7
71 0.539 0.149 1782.7
72 0.549 0.152 1815.8
73 0.559 0.154 1848.9
74 0.569 0.157 1882.0
75 0.579 0.16 1915.0
76 0.589 0.163 1948.1
77 0.599 0.167 1981.2
78 0.609 0.17 2014.3
79 0.619 0.173 2047.3
80 0.629 0.176 2080.4
81 0.639 0.179 2113.5
82 0.649 0.182 2146.6
83 0.659 0.185 2179.6
84 0.669 0.188 2212.7
85 0.679 0.192 2245.8
86 0.689 0.195 2278.9
87 0.699 0.198 2311.9
88 0.709 0.201 2345.0
89 0.719 0.204 2378.1
90 0.729 0.208 2411.2
91 0.739 0.211 2444.2
92 0.749 0.214 2477.3
93 0.759 0.218 2510.4
94 0.769 0.221 2543.5
95 0.779 0.224 2576.5
96 0.789 0.228 2609.6
97 0.799 0.231 2642.7
98 0.809 0.235 2675.8
99 0.819 0.238 2708.8
100 0.829 0.242 2741.9
PHASE 3·A a =15" td = 1/4"
ABACUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC STEP Clspl. Load
TIMElLPF nnchesl "((psl
1 0.01 0.0031 42.5
2 0.02 0.0062 85.1
3 0.03 0.0093 127.6
4 0.04 0.0124 170.1
5 0.05 0.0155 212.6
6 0.06 0.0186 255.2
7 0.07 0.0217 297.7
8 0.08 0.0248 340.2
9 0.09 0.0279 382.7
10 0.1 0.031 425.3
11 0.11 0.0341 467.8
12 0.12 0.0372 510.3
13 0.13 0.0403 552.8
14 0.14 0.0434 595.4
15 0.15 0.0465 637.9
16 0.16 0.0496 680.4
17 0.17 0.0527 722.9
18 0.18 0.0558 765.5
19 0.19 0.0589 808.0
20 0.2 0.062 850.5
21 0.21 0.0651 893.0
22 0.22 0.0682 935.6
23 0.23 0.0713 978.1
24 0.24 0.0744 1020.6
25 0.25 0.0776 1063.1
26 0.26 0.0807 1105.7
27 0.27 0.0838 1148.2
28 0.28 0.0869 1190.7
29 0.29 0.09 1233.2
30 0.3 0.0931 1275.8
31 0.31 0.0963 1318.3
32 0.32 0.0994 1360.8
33 0.33 0.103 1403.3
34 0.34 0.106 1445.9
35 0.35 0.109 1488.4
36 0.36 0.112 1530.9
37 0.37 0.115 1573.4
38 0.38 0.118 1616.0
39 0.39 0.121 1658.5
40 0.4 0.124 1701.0
41 0.41 0.128 1743.5
42 0.42 0.131 1786.1
43 0.43 0.134 1828.6
44 0.44 0.137 1871.1
45 0.45 0.14 1913.6
46 0.46 0.143 1956.2
47 0.47 0.147 1998.7
48 0.48 0.15 2041.2
49 0.49 0.153 2083.7
50 0.5 0.156 2126.3
51 0.51 0.159 2168.8
yielding ->
I.b. deck->
I.b. ribs->
216
INC STEP Dlspl. Load
TIMElLPF nnchesl [klpsl
52 0.52 0.162 2211.3
53 0.53 0.165 2253.8
54 0.54 0.169 2296.4
55 0.55 0.172 2338.9
56 0.56 0.175 2381.4
57 0.57 0.178 2423.9
58 0.58 0.181 2466.5
59 0.59 0.185 2509.0
60 0.6 0.188 2551.5
61 0.61 0.191 2594.0
62 0.62 0.194 2636.6
63 0.63 0.197 2679.1
64 0.64 0.2 2721.6
65 0.65 0.204 2764.1
66 0.66 0.207 2806.7
67 0.67 0.21 2849.2
68 0.68 0.213 2891.7
69 0.69 0.217 2934.2
70 0.7 0.22 2976.8
71 0.71 0.223 3019.3
72 0.72 0.227 3061.8
73 0.73 0.231 3104.3
74 0.74 0.234 3146.9
75 0.75 0.238 3189.4
76 0.76 0.242 3231.9
77 0.77 0.246 3274.4
78 0.78 0.25 3317.0
79 0.79 0.255 3359.5
80 0.8 0.26 3402.0
81 0.81 0.265 3444.5
82 0.82 0.27 3487.1
83 0.83 0.276 3529.6
84 0.84 0.284 3572.1
85 0.843 0.287 3584.9
86 0.845 0.291 3593.4
87 0.846 0.293 3597.6
88 0.846 0.293 3597.6
89 0.846 0.294 3597.6
PHASE 3-A a =15" td =3/8"
ABACUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION:
INC STEP Displ. Load
TIMElLPF [Inches] [kIps]
1 0.01 0.00278 47.3
2 0.02 0.00557 94.5
3 0.03 0.00835 141.8
4 0.04 0.0111 189.0
5 0.05 0.0139 236.3
6 0.06 0.0167 283.5
7 0.07 0.0195 330.8
8 0.08 0.0223 378.0
9 0.09 0.0251 425.3
10 0.1 0.0278 472.5
11 0.11 0.0306 519.8
12 0.12 0.0334 567.0
13 0.13 0.0362 614.3
14 0.14 0.039 661.5
15 0.15 0.0418 708.8
16 0.16 0.0446 756.0
17 0.17 0.0474 803.3
18 0.18 0.0502 850.5
19 0.19 0.053 897.8
20 0.2 0.0558 945.0
21 0.21 0.0586 992.3
22 0.22 0.0614 1039.5
23 0.23 0.0642 1086.8
24 0.24 0.067 1134.0
25 0.25 0.0699 1181.3
26 0.26 0.0727 1228.5
27 0.27 0.0755 1275.8
28 0.28 0.0783 1323.0
29 0.29 0.0812 1370.3
30 0.3 0.084 1417.5
31 0.31 0.0868 1464.8
32 0.32 0.0897 1512.0
33 0.33 0.0925 1559.3
34 0.34 0.0953 1606.5
35 0.35 0.0982 1653.8
36 0.36 0.101 1701.0
37 0.37 0.104 1748.3
38 0.38 0.107 1795.5
39 0.39 0.11 1842.8
40 0.4 0.112 1890.0
41 0.41 0.115 1937.3
42 0.42 0.118 1984.5
43 0.43 0.121 2031.8
44 0.44 0.124 2079.0
45 0.45 0.127 2126.3
46 0.46 0.13 2173.5
47 0.47 0.133 2220.8
48 0.48 0.135 2268.0
49 0.49 0.138 2315.3
50 0.5 0.141 2362.5
51 0.51 0.144 2409.8
yielding ->
I.b. ribs->
and deck
217
INC STEP Dlspl. Load
TIMElLPF [inches] [kIps]
52 0.52 0.147 2457.0
53 0.53 0.15 2504.3
54 0.54 0.153 2551.5
55 0.55 0.156 2598.8
56 0.56 0.159 2646.0
57 0.57 0.161 2693.3
58 0.58 0.164 2740.5
59 0.59 0.167 2787.8
60 0.6 0.17 2835.0
61 0.61 0.173 2882.3
62 0.62 0.176 2929.5
63 0.63 0.179 2976.8
64 0.64 0.182 3024.0
65 0.65 0.184 3071.3
66 0.66 0.187 3118.5
67 0.67 0.19 3165.8
68 0.68 0.193 3213.0
69 0.69 0.196 3260.3
70 0.7 0.199 3307.5
71 0.71 0.202 3354.8
72 0.72 0.205 3402.0
73 0.73 0.208 3449.3
74 0.74 0.212 3496.5
75 0.75 0.215 3543.8
76 0.76 0.219 3591.0
77 0.77 0.223 3638.3
78 0.78 0.226 3685.5
79 0.79 0.23 3732.8
80 0.8 0.234 3780.0
81 0.81 0.239 3827.3
82 0.82 0.243 3874.5
83 0.83 0.248 3921.8
84 0.84 0.253 3969.0
85 0.85 0.26 4016.3
86 0.851 0.261 4021.0
87 0.851 0.261 4021.0
88 0.851 0.261 4021.0
89 0.851 0.262 4021.0
90 0.851 0.262 4021.0
91 0.852 0.262 4025.7
92 0.852 0.262 4025.7
93 0.852 0.262 4025.7
94 0.852 0.262 4025.7
95 0.852 0.262 4025.7
96 0.852 0.262 4025.7
97 0.852 0.262 4025.7
98 0.852 0.262 4025.7
99 0.852 0.262 4025.7
100 0.852 0.263 4025.7
PHASE 3·A a = 15" td =1/2"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION:
INC STEP Displ. Load
TIMElLPF [Inches] [kIps]
1 0.01 0.00258 52.0
2 0.02 0.00515 104.0
3 0.03 0.00773 155.9
4 0.04 0.0103 207.9
5 0.05 0.0129 259.9
6 0.06 0.0155 311.9
7 0.07 0.018 363.8
8 0.08 0.0206 415.8
9 0.09 0.0232 467.8
10 0.1 0.0258 519.8
11 0.11 0.0284 571.7
12 0.12 0.031 623.7
13 0.13 0.0335 675.7
14 0.14 0.0361 727.7
15 0.15 0.0387 779.6
16 0.16 0.0413 831.6
17 0.17 0.0439 883.6
18 0.18 0.0465 935.6
19 0.19 0.0491 987.5
20 0.2 0.0517 1039.5
21 0.21 0.0544 1091.5
22 0.22 0.057 1143.5
23 0.23 0.0596 1195.4
24 0.24 0.0622 1247.4
25 0.25 0.0648 1299.4
26 0.26 0.0675 1351.4
27 0.27 0.0701 1403.3
28 0.28 0.0727 1455.3
29 0.29 0.0754 1507.3
30 0.3 0.Q78 1559.3
31 0.31 0.0807 1611.2
32 0.32 0.0833 1663.2
33 0.33 0.086 1715.2
34 0.34 0.0886 1767.2
35 0.35 0.0913 1819.1
36 0.36 0.0939 1871.1
37 0.37 0.0966 1923.1
38 0.38 0.0993 1975.1
39 0.39 0.102 2027.0
40 0.4 0.105 2079.0
41 0.41 0.107 2131.0
42 0.42 0.11 2183.0
43 0.43 0.113 2234.9
44 0.44 0.115 2286.9
45 0.45 0.118 2338.9
46 0.46 0.121 2390.9
47 0.47 0.123 2442.8
48 0.48 0.126 2494.8
49 0.49 0.129 2546.8
50 0.5 0.132 2598.8
51 0.51 0.134 2650.7
I.b. ribs->
<- yielding
218
INC STEP Dlspl. Load
TIMElLPF [Inches] [kIps]
52 0.52 0.137 2702.7
53 0.53 0.14 2754.7
54 0.54 0.142 2806.7
55 0.55 0.145 2858.6
56 0.56 0.147 2910.6
57 0.57 0.15 2962.6
58 0.58 0.153 3014.6
59 0.59 0.155 3066.5
60 0.6 0.158 3118.5
61 0.61 0.161 3170.5
62 0.62 0.163 3222.5
63 0.63 0.166 3274.4
64 0.64 0.169 3326.4
65 0.65 0.171 3378.4
66 0.66 0.174 343D.4
67 0.67 0.177 3482.3
68 0.68 0.18 3534.3
69 0.69 0.183 3586.3
70 0.7 0.187 3638.3
71 0.71 0.19 3690.2
72 0.72 0.194 3742.2
73 0.73 0.197 3794.2
74 0.74 0.201 3846.2
75 0.75 0.204 3898.1
76 0.76 0.208 3950.1
77 0.77 0.212 4002.1
78 0.78 0.217 4054.1
79 0.79 0.221 4106.0
80 0.8 0.226 4158.0
81 0.81 0.23 4210.0
82 0.82 0.243 4262.0
83 0.823 0.245 4277.5
84 0.825 0.247 4287.9
85 0.829 0.25 4308.7
86 0.834 0.254 4334.7
87 0.843 0.26 4381.5
88 0.853 0.268 4433.5
89 0.863 0.277 4485.4
90 0.873 0.286 4537.4
91 0.883 0.295 4589.4
92 0.893 0.305 4641.4
93 0.903 0.314 4693.3
94 0.913 0.322 4745.3
95 0.923 0.331 4797.3
96 0.933 0.341 4849.3
97 0.943 0.351 4901.2
98 0.953 0.362 4953.2
99 0.963 0.375 5005.2
100 0.973 0.391 5057.2
PHASE 3·A a =15"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC STEP Dlspl. Load
TIMElLPF [Inches) [kIps)
1 0.01 0.00243 56.7
2 0.02 0.00486 113.4
3 0.03 0.00729 170.1
4 0.04 0.00971 226.8
5 0.05 0.0121 283.5
6 0.06 0.0146 340.2
7 0.07 0.017 396.9
8 0.08 0.0194 453.6
9 0.09 0.0219 510.3
10 0.1 0.0243 567.0
11 0.11 0.0268 623.7
12 0.12 0.0292 680.4
13 0.13 0.0316 737.1
14 0.14 0.0341 793.8
15 0.15 0.0365 850.5
16 0.16 0.039 907.2
17 0.17 0.0415 963.9
18 0.18 0.0439 1020.6
19 0.19 0.0464 1077.3
20 0.2 0.0489 1134.0
21 0.21 0.0513 1190.7
22 0.22 0.0538 1247.4
23 0.23 0.0563 1304.1
24 0.24 0.0588 1360.8
25 0.25 0.0613 1417.5
26 0.26 0.0638 1474.2
27 0.27 0.0663 1530.9
28 0.28 0.0688 1587.6
29 0.29 0.0713 1644.3
30 0.3 0.0738 1701.0
31 0.31 0.0763 1757.7
32 0.32 0.0788 1814.4
33 0.33 0.0813 1871.1
34 0.34 0.0839 1927.8
35 0.35 0.0864 1984.5
36 0.36 0.0889 2041.2
37 0.37 0.0915 2097.9
38 0.38 0.094 2154.6
39 0.39 0.0965 2211.3
40 0.4 0.0991 2268.0
41 0.41 0.102 2324.7
42 0.42 0.104 2381.4
43 0.43 0.107 2438.1
44 0.44 0.109 2494.8
45 0.45 0.112 2551.5
46 0.46 0.114 2608.2
47 0.47 0.117 2664.9
48 0.48 0.119 2721.6
49 0.49 0.122 2778.3
50 0.5 0.124 2835.0
51 0.51 0.127 2891.7
I.b. ribs->
<- yielding
219
INC STEP Dlspl. Load
TIMElLPF [Inches) [kIps)
52 0.52 0.129 2948.4
53 0.53 0.132 3005.1
54 0.54 0.134 3061.8
55 0.55 0.137 3118.5
56 0.56 0.139 3175.2
57 0.57 0.142 3231.9
58 0.58 0.144 3288.6
59 0.59 0.147 3345.3
60 0.6 0.149 3402.0
61 0.61 0.152 3458.7
62 0.62 0.155 3515.4
63 0.63 0.158 3572.1
64 0.64 0.161 3628.8
65 0.65 0.164 3685.5
66 0.66 0.167 3742.2
67 0.67 0.17 3798.9
68 0.68 0.173 3855.6
69 0.69 0.177 3912.3
70 0.7 0.18 3969.0
71 0.71 0.184 4025.7
72 0.72 0.188 4082.4
73 0.73 0.192 4139.1
74 0.74 0.196 4195.8
75 0.75 0.2 4252.5
76 0.76 0.204 4309.2
77 0.77 0.21 4365.9
78 0.78 0.219 4422.6
79 0.79 0.227 4479.3
80 0.8 0.234 4536.0
81 0.81 0.243 4592.7
82 0.82 0.251 4649.4
83 0.83 0.26 4706.1
84 0.84 0.269 4762.8
85 0.85 0.278 4819.5
86 0.86 0.287 4876.2
87 0.87 0.296 4932.9
88 0.88 0.305 4989.6
89 0.89 0.314 5046.3
90 0.9 0.324 5103.0
91 0.91 0.335 5159.7
92 0.92 0.346 5216.4
93 0.93 0.358 5273.1
94 0.94 0.372 5329.8
95 0.95 0.387 5386.5
96 0.96 0.405 5443.2
97 0.963 0.41 5460.2
98 0.965 0.415 5471.6
99 0.969 0.424 5494.2
100 0.974 0.436 5522.6
PHASE 3·8 a =17" let =1/8"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC STEP Dlspl. Load
TIMElLPF [Inches] IIdps]
1 0.01 0.00188 20.3
2 0.02 0.00376 40.5
3 0.03 0.00565 60.8
4 0.04 0.00753 81.0
5 0.05 0.00941 101.3
6 0.06 0.0113 121.5
7 0.07 0.0132 141.8
8 0.08 0.0151 162.0
9 0.09 0.0169 182.3
10 0.1 0.0188 202.5
11 0.11 0.0207 222.8
12 0.12 0.0226 243.0
13 0.13 0.0245 263.3
14 0.14 0.0263 283.5
15 0.15 0.0282 303.8
16 0.16 0.0301 324.0
17 0.17 0.032 344.3
18 0.18 0.0339 364.5
19 0.19 0.0357 384.8
20 0.2 0.0376 405.0
21 0.21 0.0395 425.3
22 0.22 0.0414 445.5
23 0.23 0.0432 465.8
24 0.24 0.0451 486.0
25 0.25 0.047 506.3
26 0.26 0.0489 526.5
27 0.27 0.0508 546.8
28 0.28 0.0526 567.0
29 0.29 0.0545 587.3
30 0.291 0.0546 589.3
31 0.292 0.0548 591.3
32 0.293 0.0551 593.3
33 0.295 0.0555 597.4
34 0.298 0.0561 603.5
35 0.303 0.057 613.6
36 0.31 0.0584 627.8
37 0.313 0.0589 633.8
38 0.316 0.0597 639.9
39 0.322 0.0608 652.1
40 0.33 0.0625 668.3
41 0.34 0.0645 688.5
42 0.35 0.0665 708.8
43 0.36 0.0686 729.0
44 0.37 0.0707 749.3
45 0.38 0.0727 769.5
46 0.39 0.0748 789.8
47 0.4 0.0769 810.0
48 0.41 0.079 830.3
49 0.42 0.0811 85o.s
50 0.43 0.0833 8TU
51 0.44 0.0854 891.0
<- I.b. deck
220
INC STEP Dlspl. Load
TIMElLPF [Inches] (kIps]
52 0.45 0.0875 911.3
53 0.46 0.0896 931.5
54 0.47 0.0917 951.8
55 0.48 0.0939 972.0
56 0.483 0.0944 978.1
57 0.487 0.0952 986.2
58 0.488 0.0955 988.2
59 0.49 0.0959 992.3
60 0.493 0.0966 998.3
61 0.494 0.0967 100D.4
62 0.494 0.0968 100D.4
PHASE 3-8 a = 17" let =3/16"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION:
INC STEP Dlspl. Load
TIMElLPF [Inches) [kIps)
1 0.01 0.00201 25.3
2 0.02 0.00402 50.6
3 0.03 0.00603 75.9
4 0.04 0.00804 101.3
5 0.05 0.0101 126.6
6 0.06 0.0121 151.9
7 0.07 0.0141 177.2
8 0.08 0.0161 202.5
9 0.09 0.0181 227.8
10 0.1 0.0201 253.1
11 0.11 0.0221 278.4
12 0.12 0.0241 303.8
13 0.13 0.0261 329.1
14 0.14 0.0281 354.4
15 0.15 0.0301 379.7
16 0.16 0.0322 405.0
17 0.17 0.0342 430.3
18 0.18 0.0362 455.6
19 0.19 0.0382 480.9
20 0.2 0.0402 506.3
21 0.21 0.0422 531.6
22 0.22 0.0442 556.9
23 0.23 0.0462 582.2
24 0.24 0.0482 607.5
25 0.25 0.0502 632.8
26 0.26 0.0523 658.1
27 0.27 0.0543 683.4
28 0.28 0.0563 708.8
29 0.29 0.0583 734.1
30 0.3 0.0603 759.4
31 0.31 0.0623 784.7
32 0.32 0.0643 810.0
33 0.33 0.0663 835.3
34 0.34 0.0683 86Q.6
35 0.35 0.0704 885.9
36 0.36 0.0724 911.3
37 0.37 0.0744 936.6
38 0.38 0.0764 961.9
39 0.39 0.0784 987.2
40 0.4 0.0804 1012.5
41 0.41 0.0824 1037.8
42 0.42 0.0844 1063.1
43 0.43 0.0865 1088.4
44 0.44 0.0885 1113.8
45 0.45 0.0905 1139.1
46 0.46 0.0925 1164.4
47 0.47 0.0945 1189.7
48 0.48 0.0965 1215.0
49 0.49 0.0986 1240.3
50 0.5 0.101 1265.6
51 0.51 0.103 1290.9
I.b. deck->
yielding ->
221
INC STEP Dlspl. Load
TIMElLPF [Inches) [kIps)
52 0.52 0.105 1316.3
53 0.53 0.107 1341.6
54 0.54 0.109 1366.9
55 0.543 0.109 1374.5
56 0.546 0.11 1382.1
57 0.552 0.111 1397.3
58 0.56 0.113 1417.5
59 0.57 0.115 1442.8
60 0.58 0.117 1468.1
61 0.59 0.119 1493.4
62 0.6 0.122 1518.8
63 0.61 0.124 1544.1
64 0.62 0.126 1569.4
65 0.63 0.128 1594.7
66 0.64 0.13 1620.0
67 0.65 0.133 1645.3
68 0.66 0.135 1670.6
69 0.67 0.137 1695.9
70 0.68 0.139 1721.3
71 0.69 0.142 1746.6
72 0.7 0.144 1771.9
73 0.71 0.146 1797.2
74 0.72 0.149 1822.5
75 0.73 0.151 1847.8
76 0.74 0.153 1873.1
77 0.75 0.155 1898.4
78 0.76 0.158 1923.8
79 0.77 0.16 1949.1
80 0.78 0.162 1974.4
81 0.79 0.165 1999.7
82 0.8 0.167 2025.0
83 0.81 0.17 2050.3
84 0.82 0.172 2075.6
85 0.83 0.174 2100.9
86 0.84 0.177 2126.3
87 0.85 0.179 2151.6
88 0.86 0.182 2176.9
89 0.87 0.184 2202.2
90 0.88 0.186 2227.5
91 0.89 0.189 2252.8
92 0.9 0.191 2278.1
93 0.91 0.194 2303.4
94 0.92 0.196 2328.8
95 0.93 0.199 2354.1
96 0.94 0.201 2379.4
97 0.95 0.204 2404.7
98 0.96 0.206 2430.0
99 0.97 0.208 2455.3
100 0.98 0.211 248Q.6
PHASE 3-8 a =17" td =1/4"
ABAQUS VERSION 6.4·1
SUMMARY OF JOB INFORMATION'
INC STEP Dispi. Load
TIMElLPF nnches] [kIps]
1 0.01 0.00247 35.4
2 0.02 0.00493 70.9
3 0.03 0.0074 106.3
4 0.04 0.00987 141.8
5 0.05 0.0123 177.2
6 0.06 0.0148 212.6
7 0.07 0.0173 248.1
8 0.08 0.0197 283.5
9 0.09 0.0222 318.9
10 0.1 0.0247 354.4
11 0.11 0.0271 389.8
12 0.12 0.0296 425.3
13 0.13 0.0321 460.7
14 0.14 0.0345 496.1
15 0.15 0.037 531.6
16 0.16 0.0395 567.0
17 0.17 0.0419 602.4
18 0.18 0.0444 637.9
19 0.19 0.0469 673.3
20 0.2 0.0493 708.8
21 0.21 0.0518 744.2
22 0.22 0.0543 779.6
23 0.23 0.0568 815.1
24 0.24 0.0592 850.5
25 0.25 0.0617 885.9
26 0.26 0.0642 921.4
27 0.27 0.0667 956.8
28 0.28 0.0691 992.3
29 0.29 0.0716 1027.7
30 0.3 0.0741 1063.1
31 0.31 0.0766 1098.6
32 0.32 0.0791 1134.0
33 0.33 0.0816 1169.4
34 0.34 0.084 1204.9
35 0.35 0.0865 1240.3
36 0.36 0.089 1275.8
37 0.37 0.0915 1311.2
38 0.38 0.094 1346.6
39 0.39 0.0965 1382.1
40 0.4 0.099 1417.5
41 0.41 0.101 1452.9
42 0.42 0.104 1488.4
43 0.43 0.106 1523.8
44 0.44 0.109 1559.3
45 0.45 0.111 1594.7
46 0.46 0.114 1630.1
47 0.47 0.116 1665.6
48 0.48 0.119 1701.0
49 0.49 0.121 1736.4
50 0.5 0.124 1771.9
51 0.51 0.127 1807.3
I.b. deck->
yielding ->
222
INC STEP DispJ. Load
TIMElLPF nnches] [kIps]
52 0.52 0.129 1842.8
53 0.53 0.132 1878.2
54 0.54 0.134 1913.6
55 0.55 0.137 1949.1
56 0.56 0.139 1984.5
57 0.57 0.142 2019.9
58 0.58 0.144 2055.4
59 0.59 0.147 2090.8
60 0.6 0.149 2126.3
61 0.61 0.152 2161.7
62 0.62 0.154 2197.1
63 0.63 0.157 2232.6
64 0.64 0.159 2268.0
65 0.65 0.162 2303.4
66 0.66 0.164 2338.9
67 0.67 0.167 2374.3
68 0.68 0.169 2409.8
69 0.69 0.172 2445.2
70 0.7 0.175 2480.6
71 0.71 0.177 2516.1
72 0.72 0.18 2551.5
73 0.73 0.183 2586.9
74 0.74 0.185 2622.4
75 0.75 0.188 2657.8
76 0.76 0.191 2693.3
77 0.77 0.194 2728.7
78 0.78 0.197 2764.1
79 0.79 0.2 2799.6
60 0.8 0.202 2835.0
81 0.81 0.205 287D.4
82 0.82 0.208 2905.9
83 0.83 0.211 2941.3
84 0.84 0.214 2976.8
85 0.85 0.217 3012.2
86 0.86 0.22 3047.6
87 0.87 0.223 3083.1
88 0.88 0.226 3118.5
89 0.89 0.229 3153.9
90 0.9 0.233 3189.4
91 0.91 0.236 3224.8
92 0.92 0.239 3260.3
93 0.93 0.242 3295.7
94 0.94 0.245 3331.1
95 0.95 0.249 3366.6
96 0.96 0.252 3402.0
97 0.97 0.256 3437.4
98 0.98 0.26 3472.9
99 0.99 0.265 3508.3
100 1 0.269 3543.8
PHASE 3-8 a =17" td =3/8"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION:
INC STEP Dlspl. Load
TIMElLPF [Inches] (kIps]
1 0.01 0.00255 45.6
2 0.02 0.00511 91.1
3 0.03 0.00766 136.7
4 0.04 0.0102 182.3
5 0.05 0.0128 227.8
6 0.06 0.0153 273.4
7 0.07 0.0179 318.9
6 0.06 0.0204 364.5
9 0.09 0.023 410.1
10 0.1 0.0255 455.6
11 0.11 0.0261 501.2
12 0.12 0.0307 546.8
13 0.13 0.0332 592.3
14 0.14 0.0358 637.9
15 0.15 0.0383 683.4
16 0.16 0.0409 729.0
17 0.17 0.0435 774.6
16 0.18 0.046 820.1
19 0.19 0.0486 865.7
20 0.2 0.0512 911.3
21 0.21 0.0538 956.8
22 0.22 0.0563 1002.4
23 0.23 0.0589 1047.9
24 0.24 0.0615 1093.5
25 0.25 0.0641 1139.1
26 0.26 0.0667 1184.6
27 0.27 0.0693 1230.2
28 0.28 0.0719 1275.8
29 0.29 0.0745 1321.3
30 0.3 0.0771 1366.9
31 0.31 0.0797 1412.4
32 0.32 0.0823 1458.0
33 0.33 0.0849 1503.6
34 0.34 0.0875 1549.1
35 0.35 0.0901 1594.7
36 0.36 0.0927 1640.3
37 0.37 0.0953 1685.8
36 0.38 0.0979 1731.4
39 0.39 0.101 1776.9
40 0.4 0.103 1822.5
41 0.41 0.106 1868.1
42 0.42 0.108 1913.6
43 0.43 0.111 1959.2
44 0.44 0.114 2004.8
45 0.45 0.116 2050.3
46 0.46 0.119 2095.9
47 0.47 0.122 2141.4
48 0.48 0.124 2187.0
49 0.49 0.127 2232.6
50 0.5 0.13 2278.1
51 0.51 0.132 2323.7
yielding ->
I.b. deck->
and ribs
223
INC STEP Dispi. Load
TIMElLPF [inches] (kIps]
52 0.52 0.135 2369.3
53 0.53 0.138 2414.8
54 0.54 0.14 2460.4
55 0.55 0.143 2505.9
56 0.56 0.146 2551.5
57 0.57 0.148 2597.1
58 0.58 0.151 2642.6
59 0.59 0.154 2688.2
60 0.6 0.156 2733.8
61 0.61 0.159 2779.3
62 0.62 0.162 2824.9
63 0.63 0.164 287D.4
64 0.64 0.167 2916.0
65 0.65 0.17 2961.6
66 0.66 0.172 3007.1
67 0.67 0.175 3052.7
68 0.68 0.177 3098.3
69 0.69 0.18 3143.8
70 0.7 0.183 3189.4
71 0.71 0.185 3234.9
72 0.72 0.188 3280.5
73 0.73 0.19 3326.1
74 0.74 0.193 3371.6
75 0.75 0.196 3417.2
76 0.76 0.199 3462.8
77 0.77 0.201 3508.3
78 0.78 0.204 3553.9
79 0.79 0.208 3599.4
80 0.8 0.211 3645.0
81 0.81 0.214 3690.6
82 0.82 0.218 3736.1
83 0.83 0.221 3781.7
84 0.84 0.225 3827.3
85 0.65 0.228 3872.8
86 0.86 0.232 3918.4
87 0.87 0.236 3963.9
88 0.88 0.243 4009.5
89 0.883 0.244 4023.2
90 0.885 0.246 4032.3
91 0.889 0.248 4050.5
92 0.89 0.25 4055.1
93 0.892 0.261 4064.2
94 0.893 0.262 4068.7
95 0.893 0.262 4068.7
96 0.894 0.263 4073.3
97 0.894 0.263 4073.3
98 0.895 0.263 4077.8
99 0.896 0.264 4082.4
100 0.898 0.265 4091.5
PHASE 3-8 a =17" M=1/2"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION:
INC STEP Dlspl. Load
TIMElLPF [Inches] [kIps]
1 0.01 0.00248 52.7
2 0.02 0.00495 105.3
3 0.03 0.00743 158.0
4 0.04 0.0099 210.6
5 0.05 0.0124 263.3
6 0.06 0.0149 315.9
7 0.07 0.0173 368.6
8 0.08 0.0198 421.2
9 0.09 0.0223 473.9
10 0.1 0.0248 526.5
11 0.11 0.0273 579.2
12 0.12 0.0297 631.8
13 0.13 0.0322 684.5
14 0.14 0.0347 737.1
15 0.15 0.0372 789.8
16 0.16 0.0397 842.4
17 0.17 0.0422 895.1
18 0.18 0.0447 947.7
19 0.19 0.0472 100D.4
20 0.2 0.0497 1053.0
21 0.21 0.0522 1105.7
22 0.22 0.0548 1158.3
23 0.23 0.0573 1211.0
24 0.24 0.0598 1263.6
25 0.25 0.0623 1316.3
26 0.26 0.0649 1368.9
27 0.27 0.0674 1421.6
28 0.28 0.0699 1474.2
29 0.29 0.0725 1526.9
30 0.3 0.Q75 1579.5
31 0.31 0.0776 1632.2
32 0.32 0.0801 1684.8
33 0.33 0.0827 1737.5
34 0.34 0.0852 1790.1
35 0.35 0.0878 1842.8
36 0.36 0.0904 1895.4
37 0.37 0.0929 1948.1
38 0.38 0.0955 2000.7
39 0.39 0.0981 2053.4
40 0.4 0.101 2106.0
41 0.41 0.103 2158.7
42 0.42 0.106 2211.3
43 0.43 0.108 2264.0
44 0.44 0.111 2316.6
45 0.45 0.114 2369.3
46 0.46 0.116 2421.9
47 0.47 0.119 2474.6
48 0.48 0.121 2527.2
49 0.49 0.124 2579.9
50 0.5 0.127 2632.5
51 0.51 0.129 2685.2
I.b. ribs->
<- yielding
224
INC STEP Dlspl. Load
TIMElLPF [Inches] [kIps]
52 0.52 0.132 2737.8
53 0.53 0.134 2790.5
54 0.54 0.137 2843.1
55 0.55 0.139 2895.8
56 0.56 0.142 2948.4
57 0.57 0.144 3001.1
58 0.58 0.147 3053.7
59 0.59 0.149 3106.4
60 0.6 0.152 3159.0
61 0.61 0.155 3211.7
62 0.62 0.157 3264.3
63 0.63 0.16 3317.0
64 0.64 0.162 3369.6
65 0.65 0.165 3422.3
66 0.66 0.167 3474.9
67 0.67 0.17 3527.6
68 0.68 0.173 3580.2
69 0.69 0.176 3632.9
70 0.7 0.179 3685.5
71 0.71 0.182 3738.2
72 0.72 0.186 3790.8
73 0.73 0.189 3843.5
74 0.74 0.192 3896.1
75 0.75 0.195 3948.8
76 0.76 0.199 4001.4
77 0.77 0.203 4054.1
78 0.78 0.207 4106.7
79 0.79 0.211 4159.4
80 0.8 0.215 4212.0
81 0.81 0.22 4264.7
82 0.82 0.234 4317.3
83 0.823 0.236 4333.1
84 0.825 0.238 4343.6
85 0.829 0.24 4364.7
86 0.834 0.243 4391.0
87 0.843 0.248 4438.4
88 0.853 0.255 4491.0
89 0.863 0.264 4543.7
90 0.873 0.272 4596.3
91 0.883 0.279 4649.0
92 0.893 0.288 4701.6
93 0.903 0.296 4754.3
94 0.913 0.304 4806.9
95 0.923 0.312 4859.6
96 0.933 0.32 4912.2
97 0.943 0.328 4964.9
98 0.953 0.337 5017.5
99 0.963 0.346 5070.2
100 0.973 0.355 5122.8
PHASE 3-8 a =17" t" =5/8"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION:
INC STEP Clsp!. Load
TIMElLPF [Inches] [kIps]
1 0.01 0.00267 65.8
2 0.02 0.00533 131.6
3 0.03 0.008 197.4
4 0.04 0.0107 263.3
5 0.05 0.0133 329.1
6 0.06 0.016 394.9
7 0.07 0.0187 460.7
8 0.08 0.0214 526.5
9 0.09 0.024 592.3
10 0.1 0.0267 658.1
11 0.11 0.0294 723.9
12 0.12 0.0321 789.8
13 0.13 0.0348 855.6
14 0.14 0.0375 921.4
15 0.15 0.0402 987.2
16 0.16 0.0429 1053.0
17 0.17 0.0456 1118.8
18 0.18 0.0484 1184.6
19 0.19 0.0511 125D.4
20 0.2 0.0538 1316.3
21 0.21 0.0565 1382.1
22 0.22 0.0593 1447.9
23 0.23 0.062 1513.7
24 0.24 0.0648 1579.5
25 0.25 0.0675 1645.3
26 0.26 0.0703 1711.1
27 0.27 0.0731 1776.9
28 0.28 0.0758 1842.8
29 0.29 0.0786 1908.6
30 0.3 0.0814 1974.4
31 0.31 0.0842 2040.2
32 0.32 0.087 2106.0
33 0.33 0.0898 2171.8
34 0.34 0.0926 2237.6
35 0.35 0.0954 2303.4
36 0.36 0.0982 2369.3
37 0.37 0.101 2435.1
38 0.38 0.104 2500.9
39 0.39 0.107 2566.7
40 0.4 0.109 2632.5
41 0.41 0.112 2698.3
42 0.42 0.115 2764.1
43 0.43 0.118 2829.9
44 0.44 0.12 2895.8
45 0.45 0.123 2961.6
46 0.46 0.126 3027.4
47 0.47 0.129 3093.2
48 0.48 0.131 3159.0
49 0.49 0.134 3224.8
50 0.5 0.137 329D.6
51 0.51 0.139 3356.4
I.b. ribs->
<- yielding
225
INC STEP Clapl. Load
TIMElLPF [Inches] [kIps]
52 0.52 0.142 3422.3
53 0.53 0.145 3488.1
54 0.54 0.148 3553.9
55 0.55 0.151 3619.7
56 0.56 0.154 3685.5
57 0.57 0.158 3751.3
58 0.58 0.161 3817.1
59 0.59 0.165 3882.9
60 0.6 0.168 3948.8
61 0.61 0.172 4014.6
62 0.62 0.176 4080.4
63 0.63 0.18 4146.2
64 0.64 0.184 4212.0
65 0.65 0.188 4277.8
66 0.66 0.193 4343.6
67 0.67 0.198 4409.4
68 0.673 0.2 4429.2
69 0.673 0.201 4429.2
70 0.674 0.202 4435.8
PHASE 3·C a =19" td =1/8"
ABAQUS VERSION 6.~1
SUMMARY OF JOB INFORMATION:
INC STEP Cispi. Load
TIMElLPF [Inches] [kIps]
1 0.01 0.00145 16.2
2 0.02 0.00289 32.4
3 0.03 0.00434 48.6
4 0.04 0.00578 64.8
5 0.05 0.00723 81.0
6 0.06 0.00868 97.2
7 0.07 0.0101 113.4
8 0.08 0.0116 129.6
9 0.09 0.013 145.8
10 0.1 0.0145 162.0
11 0.11 0.0159 178.2
12 0.12 0.0173 194.4
13 0.13 0.0188 210.6
14 0.14 0.0202 226.8
15 0.15 0.0217 243.0
16 0.16 0.0231 259.2
17 0.17 0.0246 275.4
18 0.18 0.026 291.6
19 0.19 0.0275 307.8
20 0.2 0.0289 324.0
21 0.21 0.0304 340.2
22 0.22 0.0318 356.4
23 0.23 0.0332 372.6
24 0.24 0.0347 388.8
25 0.25 0.0361 405.0
26 0.26 0.0376 421.2
27 0.27 0.039 437.4
28 0.28 0.0405 453.6
29 0.29 0.0419 469.8
30 0.293 0.0423 474.7
31 0.296 0.0428 479.5
32 0.298 0.043 482.8
33 0.3 0.0433 486.0
34 0.302 0.0436 489.2
35 0.304 0.044 492.5
36 0.307 0.0444 497.3
37 0.312 0.0451 505.4
38 0.319 0.0462 516.8
39 0.329 0.0477 533.0
40 0.339 0.0493 549.2
41 0.349 0.0508 565.4
42 0.359 0.0524 581.6
43 0.369 0.054 597.8
44 0.379 0.0556 614.0
45 0.389 0.0572 630.2
46 0.399 0.0588 646.4
47 0.409 0.0604 662.6
48 0.419 0.062 678.8
49 0.429 0.0637 695.0
50 0.439 0.0653 711.2
51 0.449 0.0669 727.4
<- I.b. deck
226
INC STEP Clspl. Load
TIMElLPF [Inches] [kIps]
52 0.459 0.0686 743.6
53 0.469 0.0702 759.8
54 0.479 0.0719 776.0
55 0.489 0.0735 792.2
56 0.499 0.0752 808.4
57 0.509 0.0768 824.6
58 0.519 0.0785 840.8
59 0.529 0.0801 857.0
60 0.539 0.0818 873.2
61 0.549 0.0835 889.4
62 0.559 0.0851 905.6
63 0.569 0.0868 921.8
64 0.579 0.0884 938.0
65 0.589 0.0901 954.2
66 0.599 0.0917 970.4
67 0.609 0.0934 986.6
68 0.619 0.0951 1002.8
69 0.629 0.0967 1019.0
70 0.639 0.0984 1035.2
71 0.649 0.1 1051.4
72 0.659 0.102 1067.6
73 0.669 0.103 1083.8
74 0.679 0.105 1100.0
75 0.689 0.107 1116.2
76 0.699 0.108 1132.4
77 0.709 0.11 1148.6
78 0.719 0.112 1164.8
79 0.729 0.113 1181.0
80 0.739 0.115 1197.2
81 0.749 0.117 1213.4
82 0.759 0.118 1229.6
83 0.769 0.12 1245.8
84 0.779 0.122 1262.0
85 0.789 0.123 1278.2
86 0.799 0.125 1294.4
87 0.809 0.127 1310.6
88 0.819 0.128 1326.8
89 0.829 0.13 1343.0
90 0.839 0.132 1359.2
91 0.849 0.133 1375.4
92 0.859 0.135 1391.6
93 0.869 0.137 1407.8
94 0.879 0.139 1424.0
95 0.889 0.14 1440.2
96 0.899 0.142 1456.4
97 0.909 0.144 1472.6
98 0.919 0.145 1488.8
99 0.929 0.147 1505.0
100 0.939 0.149 1521.2
PHASE 3-C a =19" M=3/1611
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION:
INC STEP Dlspl. Load
TIMElLPF [Inches] [kIps]
1 0.01 0.00205 27.0
2 0.02 0.00411 54.0
3 0.03 0.00616 81.0
4 0.04 0.00822 108.0
5 0.05 0.0103 135.0
6 0.06 0.0123 162.0
7 0.07 0.0144 189.0
8 0.08 0.0164 216.0
9 0.09 0.0185 243.0
10 0.1 0.0205 270.0
11 0.11 0.0226 297.0
12 0.12 0.0246 324.0
13 0.13 0.0267 351.0
14 0.14 0.0287 378.0
15 0.15 0.0308 405.0
16 0.16 0.0328 432.0
17 0.17 0.0349 459.0
18 0.18 0.037 486.0
19 0.19 0.039 513.0
20 0.2 0.0411 540.0
21 0.21 0.0431 567.0
22 0.22 0.0452 594.0
23 0.23 0.0472 621.0
24 0.24 0.0493 648.0
25 0.25 0.0513 675.0
26 0.26 0.0534 702.0
27 0.27 0.0554 729.0
28 0.28 0.0575 756.0
29 0.29 0.0595 783.0
30 0.3 0.0616 810.0
31 0.31 0.0637 837.0
32 0.32 0.0657 864.0
33 0.33 0.0678 891.0
34 0.34 0.0698 918.0
35 0.35 0.0719 945.0
36 0.36 0.0739 972.0
37 0.37 0.076 999.0
38 0.38 0.0781 1026.0
39 0.39 0.0801 1053.0
40 0.4 0.0822 1080.0
41 0.41 0.0842 1107.0
42 0.42 0.0863 1134.0
43 0.423 0.0868 1142.1
44 0.426 0.0876 1150.2
45 0.432 0.0888 1166.4
46 0.44 0.0906 1188.0
47 0.45 0.0928 1215.0
48 0.46 0.095 1242.0
49 0.47 0.0972 1269.0
50 0.48 0.0995 1296.0
51 0.49 0.102 1323.0
yielding ->
<- I.b. deck
227
INC STEP Dlspt. Load
TIMElLPF [Inches] [kIps]
52 0.5 0.104 1350.0
53 0.51 0.106 1377.0
54 0.52 0.109 1404.0
55 0.53 0.111 1431.0
56 0.54 0.113 1458.0
57 0.55 0.115 1485.0
58 0.56 0.118 1512.0
59 0.57 0.12 1539.0
60 0.58 0.123 1566.0
61 0.59 0.125 1593.0
62 0.6 0.127 1620.0
63 0.61 0.13 1647.0
64 0.62 0.132 1674.0
65 0.63 0.135 1701.0
66 0.64 0.137 1728.0
67 0.65 0.139 1755.0
68 0.66 0.142 1782.0
69 0.67 0.144 1809.0
70 0.68 0.147 1836.0
71 0.69 0.149 1863.0
72 0.7 0.152 1890.0
73 0.71 0.154 1917.0
74 0.72 0.157 1944.0
75 0.73 0.159 1971.0
76 0.74 0.162 1998.0
77 0.75 0.164 2025.0
78 0.76 0.166 2052.0
79 0.77 0.169 2079.0
80 0.78 0.171 2106.0
81 0.79 0.174 2133.0
82 0.8 0.176 2160.0
83 0.81 0.179 2187.0
84 0.82 0.182 2214.0
85 0.83 0.184 2241.0
86 0.84 0.187 2268.0
87 0.85 0.189 2295.0
88 0.86 0.192 2322.0
89 0.87 0.194 2349.0
90 0.88 0.197 2376.0
91 0.89 0.199 2403.0
92 0.9 0.202 2430.0
93 0.91 0.205 2457.0
94 0.92 0.207 2484.0
95 0.93 0.21 2511.0
96 0.94 0.212 2538.0
97 0.95 0.215 2565.0
98 0.96 0.218 2592.0
99 0.97 0.22 2619.0
100 0.98 0.223 2646.0
PHASE 3·C a =19" td =1/4"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC STEP Clspl. Load
TIMElLPF £Inches] [kIps]
1 0.01 0.0023 34.6
2 0.02 0.0046 69.1
3 0.03 0.0069 103.7
4 0.04 0.00919 138.2
5 0.05 0.0115 172.8
6 0.06 0.0138 207.4
7 0.07 0.0161 241.9
8 0.08 0.0184 276.5
9 0.09 0.0207 311.0
10 0.1 0.023 345.6
11 0.11 0.0253 380.2
12 0.12 0.0276 414.7
13 0.13 0.0299 449.3
14 0.14 0.0322 483.8
15 0.15 0.0345 518.4
16 0.16 0.0368 553.0
17 0.17 0.0391 587.5
18 0.18 0.0414 622.1
19 0.19 0.0437 656.6
20 0.2 0.046 691.2
21 0.21 0.0483 725.8
22 0.22 0.0506 760.3
23 0.23 0.0529 794.9
24 0.24 0.0552 829.4
25 0.25 0.0575 864.0
26 0.26 0.0598 898.6
27 0.27 0.0621 933.1
28 0.28 0.0644 967.7
29 0.29 0.0667 1002.2
30 0.3 0.0691 1036.8
31 0.31 0.0714 1071.4
32 0.32 0.0737 1105.9
33 0.33 0.076 1140.5
34 0.34 0.0783 1175.0
35 0.35 0.0806 1209.6
36 0.36 0.083 1244.2
37 0.37 0.0853 1278.7
38 0.38 0.0876 1313.3
39 0.39 0.0899 1347.8
40 0.4 0.0922 1382.4
41 0.41 0.0946 1417.0
42 0.42 0.0969 1451.5
43 0.43 0.0992 1486.1
44 0.44 0.102 152Q.6
45 0.45 0.104 1555.2
46 0.46 0.106 1589.8
47 0.47 0.109 1624.3
48 0.48 0.111 1658.9
49 0.49 0.113 1693.4
50 0.5 0.116 1728.0
51 0.51 0.118 1762.6
I.b. deck->
yielding ->
228
INC STEP Clspl. Load
TIMElLPF [inches] [kIps]
52 0.52 0.12 1797.1
53 0.53 0.123 1831.7
54 0.54 0.125 1866.2
55 0.55 0.127 1900.8
56 0.56 0.13 1935.4
57 0.57 0.132 1969.9
58 0.58 0.134 2004.5
59 0.59 0.137 2039.0
60 0.6 0.139 2073.6
61 0.61 0.142 2108.2
62 0.62 0.144 2142.7
63 0.63 0.147 2177.3
64 0.64 0.149 2211.8
65 0.65 0.152 2246.4
66 0.66 0.154 2281.0
67 0.67 0.157 2315.5
68 0.68 0.16 2350.1
69 0.69 0.162 2384.6
70 0.7 0.165 2419.2
71 0.71 0.167 2453.8
72 0.72 0.17 2488.3
73 0.73 0.173 2522.9
74 0.74 0.176 2557.4
75 0.75 0.178 2592.0
76 0.76 0.181 2626.6
77 0.77 0.184 2661.1
78 0.78 0.187 2695.7
79 0.79 0.189 2730.2
80 0.8 0.192 2764.8
81 0.81 0.195 2799.4
82 0.82 0.198 2833.9
83 0.83 0.2 2868.5
84 0.84 0.203 2903.0
85 0.85 0.206 2937.6
86 0.86 0.209 2972.2
87 0.87 0.212 3006.7
88 0.88 0.215 3041.3
89 0.89 0.218 3075.8
90 0.9 0.221 3110.4
91 0.91 0.224 3145.0
92 0.92 0.227 3179.5
93 0.93 0.23 3214.1
94 0.94 0.233 3248.6
95 0.95 0.236 3283.2
96 0.96 0.24 3317.8
97 0.97 0.243 3352.3
98 0.98 0.246 3386.9
99 0.99 0.249 3421.4
100 1 0.252 3456.0
PHASE 3-C tt =3/8"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC STEP Clapl. Load
TIMElLPF nnchesl (Idpsl
1 0.01 0.00231 43.2
2 0.02 0.00461 86.4
3 0.03 0.00691 129.6
4 0.04 0.00922 172.8
5 0.05 0.0115 216.0
6 0.06 0.0138 259.2
7 0.07 0.0161 302.4
8 0.08 0.0184 345.6
9 0.09 0.0207 388.8
10 0.1 0.0231 432.0
11 0.11 0.0254 475.2
12 0.12 0.0277 518.4
13 0.13 0.03 561.6
14 0.14 0.0323 604.8
15 0.15 0.0346 648.0
16 0.16 0.0369 691.2
17 0.17 0.0392 734.4
18 0.18 0.0416 777.6
19 0.19 0.0439 820.8
20 0.2 0.0462 864.0
21 0.21 0.0485 907.2
22 0.22 0.0509 950.4
23 0.23 0.0532 993.6
24 0.24 0.0555 1036.8
25 0.25 0.0578 1080.0
26 0.26 0.0602 1123.2
27 0.27 0.0625 1166.4
28 0.28 0.0649 1209.6
29 0.29 0.0672 1252.8
30 0.3 0.0695 1296.0
31 0.31 0.0719 1339.2
32 0.32 0.0742 1382.4
33 0.33 0.0766 1425.6
34 0.34 0.0789 1468.8
35 0.35 0.0813 1512.0
36 0.36 0.0837 1555.2
37 0.37 0.086 1598.4
38 0.38 0.0884 1641.6
39 0.39 0.0907 1684.8
40 0.4 0.0931 1728.0
41 0.41 0.0955 1771.2
42 0.42 0.0979 1814.4
43 0.43 0.1 1857.6
44 0.44 0.103 1900.8
45 0.45 0.105 1944.0
46 0.46 0.107 1987.2
47 0.47 0.11 2030.4
48 0.48 0.112 2073.6
49 0.49 0.115 2116.8
50 0.5 0.117 2160.0
51 0.51 0.119 2203.2
yielding ->
I.b.deck ->
and ribs
229
INC STEP Clspl. Load
TIMElLPF [Inches] [kips]
52 0.52 0.122 2246.4
53 0.53 0.124 2289.6
54 0.54 0.127 2332.8
55 0.55 0.129 2376.0
56 0.56 0.131 2419.2
57 0.57 0.134 2462.4
58 0.58 0.136 2505.6
59 0.59 0.139 2548.8
60 0.6 0.141 2592.0
61 0.61 0.143 2635.2
62 0.62 0.146 2678.4
63 0.63 0.148 2721.6
64 0.64 0.151 2764.8
65 0.65 0.153 2808.0
66 0.66 0.155 2851.2
67 0.67 0.158 2894.4
68 0.68 0.16 2937.6
69 0.69 0.163 2980.8
70 0.7 0.165 3024.0
71 0.71 0.167 3067.2
72 0.72 0.17 3110.4
73 0.73 0.172 3153.6
74 0.74 0.175 3196.8
75 0.75 0.177 3240.0
76 0.76 0.179 3283.2
77 0.77 0.182 3326.4
78 0.78 0.184 3369.6
79 0.79 0.186 3412.8
80 0.8 0.189 3456.0
81 0.81 0.191 3499.2
82 0.82 0.194 3542.4
83 0.83 0.196 3585.6
84 0.84 0.199 3628.8
85 0.85 0.202 3672.0
86 0.86 0.205 3715.2
87 0.87 0.208 3758.4
88 0.88 0.211 3801.6
89 0.89 0.214 3844.8
90 0.9 0.217 3888.0
91 0.91 0.22 3931.2
92 0.92 0.223 3974.4
93 0.93 0.227 4017.6
94 0.933 0.228 4030.6
95 0.936 0.229 4043.5
96 0.938 0.23 4052.2
97 0.94 0.231 4060.8
98 0.943 0.233 4073.8
99 0.943 0.233 4073.8
100 0.943 0.233 4073.8
PHASE 3-C a =19" let =1/2"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC STEP Dispi. Load
TIMElLPF nnches] [kIps]
1 0.01 0.00241 54.0
2 0.02 0.00482 108.0
3 0.03 0.00723 162.0
4 0.04 0.00964 216.0
5 0.05 0.0121 270.0
6 0.06 0.0145 324.0
7 0.07 0.0169 378.0
8 0.08 0.0193 432.0
9 0.09 0.0217 486.0
10 0.1 0.0241 540.0
11 0.11 0.0266 594.0
12 0.12 0.029 648.0
13 0.13 0.0314 702.0
14 0.14 0.0338 756.0
15 0.15 0.0363 810.0
16 0.16 0.0387 864.0
17 0.17 0.0411 918.0
18 0.18 0.0436 972.0
19 0.19 0.046 1026.0
20 0.2 0.0485 1080.0
21 0.21 0.0509 1134.0
22 0.22 0.0534 1188.0
23 0.23 0.0558 1242.0
24 0.24 0.0583 1296.0
25 0.25 0.0608 1350.0
26 0.26 0.0632 1404.0
27 0.27 0.0657 1458.0
28 0.28 0.0682 1512.0
29 0.29 0.0707 1566.0
30 0.3 0.0731 1620.0
31 0.31 0.0756 1674.0
32 0.32 0.0781 1728.0
33 0.33 0.0806 1782.0
34 0.34 0.0831 1836.0
35 0.35 0.0856 1890.0
36 0.36 0.OB81 1944.0
37 0.37 0.0906 1998.0
38 0.38 0.0932 2052.0
39 0.39 0.0957 2106.0
40 0.4 0.09B2 2160.0
41 0.41 0.101 2214.0
42 0.42 0.103 2268.0
43 0.43 0.106 2322.0
44 0.44 0.10B 2376.0
45 0.45 0.111 2430.0
46 0.46 0.113 2484.0
47 0.47 0.116 2538.0
48 0.48 0.118 2592.0
49 0.49 0.121 2646.0
50 0.5 0.124 2700.0
51 0.51 0.126 2754.0
I.b. ribs->
<- yielding
230
INC STEP Dispi. Load
TIMElLPF [Inches] [kips]
52 0.52 0.129 2808.0
53 0.53 0.131 2862.0
54 0.54 0.134 2916.0
55 0.55 0.136 2970.0
56 0.56 0.138 3024.0
57 0.57 0.141 3078.0
58 0.58 0.143 3132.0
59 0.59 0.146 3186.0
60 0.6 0.148 3240.0
61 0.61 0.151 3294.0
62 0.62 0.153 3348.0
63 0.63 0.156 3402.0
64 0.64 0.158 3456.0
65 0.65 0.161 3510.0
66 0.66 0.163 3564.0
67 0.67 0.166 3618.0
68 0.68 0.169 3672.0
69 0.69 0.172 3726.0
70 0.7 0.175 3780.0
71 0.71 0.178 3834.0
72 0.72 0.181 3888.0
73 0.73 0.184 3942.0
74 0.74 0.187 3996.0
75 0.75 0.191 4050.0
76 0.76 0.194 4104.0
77 0.77 0.197 4158.0
78 0.78 0.201 4212.0
79 0.79 0.206 4266.0
80 0.793 0.208 4282.2
81 0.795 0.209 4293.0
82 0.799 0.211 4314.6
83 0.8 0.212 4320.0
84 0.802 0.214 4330.8
85 0.805 0.222 4347.0
86 0.809 0.224 4368.6
87 0.809 0.225 4368.6
88 0.81 0.225 4374.0
89 0.811 0.226 4379.4
90 0.812 0.226 4384.8
91 0.814 0.227 4395.6
92 0.817 0.229 4411.8
93 0.821 0.231 4433.4
94 0.827 0.234 4465.8
95 0.836 0.239 4514.4
96 0.846 0.244 4568.4
97 0.856 0.251 4622.4
98 0.866 0.259 4676.4
99 0.876 0.267 4730.4
100 0.886 0.274 4784.4
PHASE 3-C a =19" td = 5/8"
ABAQUS VERSION 6.4-1
SUMMARY OF JOB INFORMATION'
INC STEP Dispi. Load
TIMElLPF nnches] [kIps]
1 0.01 0.00228 59.4
2 0.02 0.00456 118.8
3 0.03 0.00685 178.2
4 0.04 0.00913 237.6
5 0.05 0.0114 297.0
6 0.06 0.0137 356.4
7 0.07 0.016 415.8
8 0.08 0.0183 475.2
9 0.09 0.0206 534.6
10 0.1 0.0229 594.0
11 0.11 0.0252 653.4
12 0.12 0.0275 712.8
13 0.13 0.0298 772.2
14 0.14 0.0321 831.6
15 0.15 0.0344 891.0
16 0.16 0.0367 950.4
17 0.17 0.039 1009.8
18 0.18 0.0413 1069.2
19 0.19 0.0437 1128.6
20 0.2 0.046 1188.0
21 0.21 0.0483 1247.4
22 0.22 0.0507 1306.8
23 0.23 0.053 1366.2
24 0.24 0.0553 1425.6
25 0.25 0.0577 1485.0
26 0.26 0.0601 1544.4
27 0.27 0.0624 1603.8
28 0.28 0.0648 1663.2
29 0.29 0.0671 1722.6
30 0.3 0.0695 1782.0
31 0.31 0.0719 1841.4
32 0.32 0.0743 1900.8
33 0.33 0.0767 1960.2
34 0.34 0.079 2019.6
35 0.35 0.0814 2079.0
36 0.36 0.0838 2138.4
37 0.37 0.0862 2197.8
38 0.38 0.0886 2257.2
39 0.39 0.091 2316.6
40 0.4 0.0934 2376.0
41 0.41 0.0959 2435.4
42 0.42 0.0983 2494.8
43 0.43 0.101 2554.2
44 0.44 0.103 2613.6
45 0.45 0.105 2673.0
46 0.46 0.108 2732.4
47 0.47 0.11 2791.8
48 0.48 0.113 2851.2
49 0.49 0.115 2910.6
50 0.5 0.117 2970.0
51 0.51 0.12 3029.4
I.b. ribs->
<- yielding
231
INC STEP Dispi. Load
TIMElLPF nnches] [kIps]
52 0.52 0.122 3088.8
53 0.53 0.124 3148.2
54 0.54 0.127 3207.6
55 0.55 0.129 3267.0
56 0.56 0.131 3326.4
57 0.57 0.134 3385.8
58 0.58 0.136 3445.2
59 0.59 0.138 3504.6
60 0.6 0.141 3564.0
61 0.61 0.143 3623.4
62 0.62 0.146 3682.8
63 0.63 0.148 3742.2
64 0.64 0.151 3801.6
65 0.65 0.154 3861.0
66 0.66 0.157 392Q.4
67 0.67 0.16 3979.8
68 0.68 0.163 4039.2
69 0.69 0.166 4098.6
70 0.7 0.169 4158.0
71 0.71 0.172 4217.4
72 0.72 0.176 4276.8
73 0.73 0.18 4336.2
74 0.74 0.184 4395.6
75 0.75 0.188 4455.0
76 0.76 0.2 4514.4
77 0.763 0.202 4532.2
78 0.765 0.204 4544.1
79 0.769 0.206 4567.9
80 0.774 0.208 4597.6
81 0.783 0.213 4651.0
82 0.793 0.218 4710.4
83 0.803 0.226 4769.8
84 0.813 0.233 4829.2
85 0.823 0.241 4888.6
86 0.833 0.248 4948.0
87 0.843 0.255 5007.4
88 0.853 0.262 5066.8
89 0.863 0.27 5126.2
90 0.873 0.277 5185.6
91 0.883 0.285 5245.0
92 0.893 0.293 5304.4
93 0.903 0.301 5363.8
94 0.913 0.309 5423.2
95 0.923 0.318 5482.6
96 0.933 0.327 5542.0
97 0.943 0.337 5601.4
98 0.953 0.348 5660.8
99 0.963 0.36 5720.2
100 0.973 0.372 5779.6
PHASE4·A
ABACUS VERSION 6 4-1
t=3/16"
SUMMARY OF JOB INFORMATION: AVG.
INC STEP OOF LOAD STRESS
MONITOR £KIPS] rKSIl
1 0.01 0.004 62.6 0.6
2 0.02 0.008 125.1 1.1
3 0.03 0.012 187.7 1.7
4 0.04 0.016 250.3 2.2
5 0.05 0.019 312.8 2.8
6 0.06 0.023 375.4 3.3
7 0.07 0.027 437.9 3.9
8 0.08 0.031 500.5 4.5
9 0.09 0.035 563.1 5.0
10 0.1 0.039 625.6 5.6
11 0.11 0.043 688.2 6.1
12 0.12 0.046 750.8 6.7
13 0.13 0.050 813.3 7.2
14 0.14 0.054 875.9 7.8
15 0.15 0.058 938.4 8.4
16 0.16 0.062 1001.0 8.9
17 0.17 0.066 1063.6 9.5
18 0.18 0.070 1126.1 10.0
19 0.19 0.073 1188.7 10.6
20 0.2 0.077 1251.3 11.2
21 0.21 0.081 1313.8 11.7
22 0.22 0.085 1376.4 12.3
23 0.23 0.089 1438.9 12.8
24 0.24 0.093 1501.5 13.4
25 0.25 0.097 1564.1 13.9
26 0.26 0.100 1626.6 14.5
27 0.27 0.104 1689.2 15.1
28 0.28 0.108 1751.8 15.6
29 0.29 0.112 1814.3 16.2
30 0.3 0.116 1876.9 16.7
31 0.31 0.120 1939.4 17.3
32 0.32 0.124 2002.0 17.8
33 0.33 0.127 2064.6 18.4
34 0.34 0.131 2127.1 19.0
35 0.35 0.135 2189.7 19.5
38 0.38 0.139 2252.3 20.1
37 0.37 0.143 2314.8 20.6
38 0.38 0.147 2377.4 21.2
39 0.39 0.151 2439.9 21.7
40 0.4 0.154 2502.5 22.3
41 0.41 0.158 2565.1 22.9
42 0.42 0.162 2627.6 23.4
43 0.43 0.166 2690.2 24.0
44 0.44 0.170 2752.8 24.5
45 0.45 0.174 2815.3 25.1
46 0.46 0.178 2877.9 25.7
47 0.47 0.181 2940.4 28.2
48 0.48 0.185 3003.0 26.8
49 0.49 0.189 3065.6 27.3
50 0.5 0.193 3128.1 27.9
51 051 0.197 3190.7 28.4
I.b.->
232
AVG.
INC STEP OOF LOAD STRESS
MONITOR £KIPS] £KSII
52 0.52 0.201 3253.3 29.0
53 0.53 0.205 3315.8 29.6
54 0.54 0.208 3378.4 30.1
55 0.55 0.212 3440.9 30.7
56 0.56 0.216 3503.5 31.2
57 0.57 0.22 3566.1 31.8
58 0.58 0.224 3628.6 32.3
59 0.59 0.228 3691.2 32.9
60 0.6 0.232 3753.8 33.5
61 0.61 . 0.235 3816.3 34.0
62 0.62 0.239 3878.9 34.6
63 0.63 0.243 3941.4 35.1
64 0.64 0.247 4004.0 35.7
65 0.65 0.251 4066.6 36.2
66 0.66 0.255 4129.1 36.8
67 0.67 0.259 4191.7 37.4
68 0.673 0.26 4210.5 37.5
69 0.676 0.261 4229.2 37.7
70 0.682 0.263 4266.8 38.0
71 0.69 0.267 4316.8 38.5
72 0.7 0.271 4379.4 39.0
73 0.71 0.275 4441.9 39.6
74 0.72 0.279 4504.5 40.2
75 0.73 0.284 4567.1 40.7
76 0.74 0.288 4629.6 41.3
77 0.75 0.292 4692.2 41.8
78 0.76 0.297 4754.8 42.4
79 0.77 0.301 4817.3 42.9
80 0.78 0.306 4879.9 43.5
81 0.79 0.311 4942.4 44.1
82 0.8 0.316 5005.0 44.6
83 0.81 0.321 5067.6 45.2
84 0.82 0.327 5130.1 45.7
85 0.83 0.333 5192.7 46.3
86 0.84 0.34 5255.3 46.8
87 0.85 0.346 5317.8 47.4
88 0.86 0.352 5380.4 48.0
89 0.87 0.358 5442.9 48.5
90 0.88 0.365 5505.5 49.1
91 0.89 0.372 5566.1 49.6
92 0.9 0.385 5630.6 50.2
93 0.903 0.398 5649.4 50.4
PHASE 4·A
ABACUS VERSION 6 4-1
t. = 7/32"
SUMMARY OF JOB INFORMATION: AVG.
INC STEP OOF LOAD STRESS
MONITOR rKIPS] rKSI)
1 0.01 0.005 79.6 0.7
2 0.02 0.009 159.3 1.4
3 0.03 0.014 238.9 2.0
4 0.04 0.019 318.5 2.7
5 0.05 0.024 398.1 3.4
6 0.06 0.028 477.8 4.1
7 0.07 0.033 557.4 4.7
8 0.08 0.038 637.0 5.4
9 0.09 0.042 716.6 6.1
10 0.1 0.047 796.3 6.8
11 0.11 0.052 875.9 7.5
12 0.12 0.057 955.5 8.1
13 0.13 0.061 1035.1 8.8
14 0.14 0.066 1114.8 9.5
15 0.15 0.071 1194.4 10.2
16 0.16 0.075 1274.0 10.9
17 0.17 0.080 1353.6 11.5
18 0.18 0.085 1433.3 12.2
19 0.19 0.090 1512.9 12.9
20 0.2 0.094 1592.5 13.6
21 0.21 0.099 1672.1 14.2
22 0.22 0.104 1751.8 14.9
23 0.23 0.108 1831.4 15.6
24 0.24 0.113 1911.0 16.3
25 0.25 0.118 1990.6 17.0
26 0.26 0.123 2070.3 17.6
27 0.27 0.127 2149.9 18.3
28 0.28 0.132 2229.5 19.0
29 0.29 0.137 2309.1 19.7
30 0.3 0.141 2388.8 20.4
31 0.31 0.148 2468.4 21.0
32 0.32 0.151 2548.0 21.7
33 0.33 0.156 2627.6 22.4
34 0.34 0.160 2707.3 23.1
35 0.35 0.165 2786.9 23.7
36 0.36 0.170 2866.5 24.4
37 0.37 0.174 ~6.1 25.1
38 0.38 0.179 3025.8 25.8
39 0.39 0.164 3105.4 26.5
40 0.4 0.188 3185.0 27.1
41 0.41 0.193 3264.6 27.8
42 0.42 0.198 3344.3 28.5
43 0.43 0.203 3423.9 29.2
44 0.44 0.207 3503.5 2H
45 0.45 0.212 3583.1 30.5
48 0.48 0.217 3662.8 31.2
47 0.47 0.221 3742.4 31.11
48 0.48 0.226 3822.0 32.6
49 0.49 0.231 31101.6 33.2
50 0.5 0.235 3981.3 33.11
51 0.51 0.240 4060.11 34.6
I.b.->
233
AVG.
INC STEP OOF LOAD STRESS
MONITOR [KIPS] rK51)
52 0.52 0.245 4140.5 35.3
53 0.53 0.25 4220.1 36.0
54 0.54 0.254 4299.8 36.6
55 0.55 0.259 4379.4 37.3
56 0.56 0.264 4459.0 38.0
57 0.57 0.266 4538.6 38.7
58 0.58 0.273 4618.3 39.4
59 0.59 0.278 4697.9 40.0
60 0.6 0.282 4777.5 40.7
61 0.61 0.287 4857.1 41.4
62 0.62 0.292 4936.8 42.1
63 0.63 0.297 5016.4 42.7
64 0.64 0.301 5096.0 43.4
65 0.65 0.306 5175.6 44.1
66 0.66 0.311 5255.3 44.8
67 0.67 0.315 5334.9 45.5
68 0.68 0.32 5414.5 46.1
69 0.69 0.325 5494.1 46.8
70 0.7 0.329 5573.8 47.5
71 0.71 0.334 5653.4 48.2
72 0.72 0.339 5733.0 48.9
73 0.73 0.344 5812.6 49.5
74 0.74 0.348 5892.3 50.2
75 0.743 0.349 5916.1 50.4
76 0.746 0.351 5940.0 50.6
77 0.747 0.351 5948.0 50.7
PHASE 4-A
ABACUS VERSION 6 4-1
t r = 15/64"
SUMMARY OF JOB INFORMATION: AVG.
INC STEP OOF LOAD STRESS
MONITOR rKlPSl £KSIl
1 0.01 0.005 79.6 0.7
2 0.02 0.009 159.3 1.3
3 0.03 0.014 238.9 2.0
4 0.04 0.019 318.5 2.7
5 0.05 0.023 398.1 3.3
6 0.06 0.028 477.8 4.0
7 0.07 0.032 557.4 4.6
8 0.08 0.037 637.0 5.3
9 0.09 0.042 716.6 6.0
10 0.1 0.046 796.3 6.6
11 0.11 0.051 875.9 7.3
12 0.12 0.055 955.5 8.0
13 0.13 0.060 1035.1 8.6
14 0.14 0.065 1114.8 9.3
15 0.15 0.069 1194.4 10.0
16 0.16 0.074 1274.0 10.6
17 0.17 0.079 1353.6 11.3
18 0.18 0.083 1433.3 12.0
19 0.19 0.088 1512.9 12.6
20 0.2 0.092 1592.5 13.3
21 0.21 0.097 1672.1 13.9
22 0.22 0.102 1751.8 14.6
23 0.23 0.106 1831.4 15.3
24 0.24 0.111 1911.0 15.9
25 0.25 0.115 1990.6 16.6
26 0.26 0.120 2070.3 17.3
27 0.27 0.125 2149.9 17.9
28 0.28 0.129 2229.5 18.6
29 0.29 0.134 2309.1 19.3
30 0.3 0.139 2388.8 19.9
31 0.31 0.143 2468.4 20.6
32 0.32 0.148 2548.0 21.2
33 0.33 0.152 2627.6 21.9
34 0.34 0.157 2707.3 22.6
35 0.35 0.162 2786.9 23.2
36 0.36 0.166 2868.5 23.9
37 0.37 0.171 2946.1 24.6
38 0.38 0.175 3025.8 25.2
39 0.39 0.180 3105.4 25.9
40 0.4 0.185 3185.0 26.6
41 0.41 0.189 3264.6 27.2
42 0.42 0.194 3344.3 27.9
43 0.43 0.198 3423.9 28.6
44 0.44 0.203 3503.5 29.2
45 0.45 0.208 3583.1 29.9
46 0.46 0.212 3662.8 30.5
47 0.47 0.217 3742.4 31.2
48 0.48 0.222 3822.0 31.9
49 0.49 0.226 3901.6 32.5
50 05 0.231 3981.3 33.2
51 0.51 0.235 4060.9 33.9
I.b.->
234
AVG.
INC STEP OOF LOAD STRESS
MONITOR [KIPS) [KSI)
52 0.52 0.24 4140.5 34.5
53 0.53 0.245 4220.1 35.2
54 0.54 0.249 4299.8 35.9
55 0.55 0.254 4379.4 36.5
56 0.56 0.258 4459.0 37.2
57 0.57 0.263 4538.6 37.8
58 0.58 0.268 4618.3 38.5
59 0.59 0.272 4697.9 39.2
60 0.6 0.277 4777.5 39.8
61 0.61 0.281 4857.1 40.5
62 0.62 0.286 4936.8 41.2
63 0.63 0.291 5016.4 41.8
64 0.64 0.295 5096.0 42.5
65 0.65 0.3 5175.6 43.2
66 0.66 0.304 5255.3 43.8
67 0.67 0.309 5334.9 44.5
68 0.68 0.314 5414.5 45.2
69 0.69 0.318 5494.1 45.8
70 0.7 0.323 5573.8 46.5
71 0.71 0.327 5853.4 47.1
72 0.72 0.332 5733.0 47.8
73 0.73 0.337 5812.6 48.5
74 0.74 0.341 5892.3 49.1
75 0.75 0.346 5971.9 49.8
76 0.76 0.35 6051.5 50.5
77 0.77 0.355 6131.1 51.1
78 0.78 0.36 6210.8 51.8
79 0.79 0.365 6290.4 52.5
80 0.8 0.37 6370.0 53.1
81 0.803 0.372 6393.9 53.3
82 0.806 0.374 6417.8 53.5
83 0.808 0.375 6433.7 53.6
84 0.808 0.375 6433.7 53.6
85 0.809 0.376 6441.7 53.7
86 0.81 0.377 6449.6 53.8
PHASE 4-A
ABACUS VERSION 6 4-1
t r =1/4"
SUMMARY OF JOB INFORMATION: AVG.
INC STEP DOF LOAD STRESS
MONITOR rKlPSl rKSII
1 0.01 0.005 79.6 0.7
2 0.02 0.009 159.3 1.3
3 0.03 0.014 238.9 2.0
4 0.04 0.018 318.5 2.6
5 0.05 0.023 398.1 3.3
6 0.06 0.027 477.8 3.9
7 0.07 0.032 557.4 4.6
8 0.08 0.036 637.0 5.2
9 0.09 0.041 716.6 5.9
10 0.1 0.045 796.3 6.5
11 0.11 0.050 875.9 7.2
12 0.12 0.054 955.5 7.8
13 0.13 0.059 1035.1 8.5
14 0.14 0.063 1114.8 9.1
15 0.15 0.068 1194.4 9.8
16 0.16 0.072 1274.0 10.4
17 0.17 0.077 1353.6 11.1
18 0.18 0.082 1433.3 11.7
19 0.19 0.086 1512.9 12.4
20 0.2 0.091 1592.5 13.0
21 0.21 0.095 1672.1 13.7
22 0.22 0.100 1751.8 14.3
23 0.23 0.104 1831.4 15.0
24 0.24 0.109 1911.0 15.6
25 0.25 0.113 1990.& 16.3
26 0.26 0.118 2070.3 16.9
27 0.27 0.122 2149.9 17.6
28 0.28 0.127 2229.5 18.2
29 0.29 0.131 2309.1 18.9
30 0.3 0.136 2388.8 19.5
31 0.31 0.140 2468.4 20.2
32 0.32 0.145 2548.0 20.8
33 0.33 0.149 2627.6 21.5
34 0.34 0.154 2707.3 22.1
35 0.35 0.158 2786.11 22.8
36 0.36 0.163 2868.5 23.4
37 0.37 0.167 2ll48.1 24.1
38 0.38 0.172 3025.8 24.7
39 0.39 0.176 3105.4 25.4
40 0.4 0.181 3185.0 26.0
41 0.41 0.185 3264.6 26.7
42 0.42 0.190 3344.3 27.3
43 0.43 0.1115 3423.11 28.0
44 0.44 0.199 3503.5 28.6
45 0.45 0.204 3583.1 211.3
46 0.46 0.208 3662.8 211.11
47 0.47 0.213 3742.4 30.6
48 0.48 0.217 3822.0 31.2
49 0.49 0.222 3901.6 31.11
50 0.5 0.226 3981.3 32.5
51 0.51 0.231 4060.9 33.2
I.b.->
235
AVG.
INC STEP DOF LOAD STRESS
MONITOR [KIPS] [KSI)
52 0.52 0.235 4140.5 33.8
53 0.53 0.24 4220.1 34.5
54 0.54 0.244 4299.8 35.1
55 0.55 0.249 4379.4 35.8
56 0.56 0.253 4459.0 36.4
57 0.57 0.258 4538.6 37.1
58 0.58 0.262 4618.3 37.7
59 0.59 0.267 4697.9 38.4
60 0.6 0.271 4777.5 39.0
61 0.61 0.276 4857.1 39.7
62 0.62 0.28 4936.8 40.3
63 0.63 0.285 5016.4 41.0
64 0.64 0.289 5096.0 41.6
65 0.65 0.294 5175.6 42.3
66 0.66 0.298 5255.3 42.9
67 0.67 0.303 5334.9 43.6
68 0.68 0.307 5414.5 44.2
69 0.69 0.312 5494.1 44.9
70 0.7 0.316 5573.8 45.5
71 0.71 0.321 5653.4 46.2
72 0.72 0.325 5733.0 46.8
73 0.73 0.33 5812.6 47.5
74 0.74 0.334 5892.3 48.1
75 0.75 0.339 5971.9 48.8
76 0.76 0.343 6051.5 49.4
77 0.77 0.348 6131.1 50.1
78 0.78 0.352 6210.8 50.7
79 0.79 0.357 6290.4 51.4
80 0.8 0.362 6370.0 52.0
81 0.81 0.367 6449.6 52.7
82 0.82 0.373 6529.3 53.3
83 0.83 0.38 6608.9 54.0
84 0.833 0.384 6632.8 54.1
85 0.833 0.387 6632.8 54.1
86 0.834 0.392 6640.7 54.2
87 0.834 0.392 6640.7 54.2
88 0.834 0.392 6640.7 54.2
89 0.834 0.392 6640.7 54.2
90 0.834 0.392 6640.7 54.2
91 0.834 0.392 6640.7 54.2
92 0.834 0.392 6640.7 54.2
93 0834 0.392 6640.7 54.2
94 0.834 0.392 6640.7 54.2
95 0.834 0.392 6640.7 54.2
96 0.834 0.392 6640.7 54.2
97 0834 0.392 6640.7 54.2
98 0834 0.392 6640.7 54.2
99 0834 0.392 6640.7 54.2
100 0834 0.392 6640.7 54.2
PHASE4·A
ABAOUS VERSION 6 4-1
t r =9/32"
SUMMARY OF JOB INFORMATION: AVG.
INC STEP OOF LOAD STRESS
MONITOR [KIPS) [KSII
1 0.01 0.006 113.8 0.9
2 0.02 0.012 227.5 1.8
3 0.03 0.019 3-41.3 2.7
4 0.04 0.025 455.0 3.6
5 0.05 0.031 568.8 4.5
6 0.06 0.037 682.5 5.3
7 0.07 0.044 796.3 8.2
6 0.08 0.050 910.0 7.1
9 0.09 0.056 1023.8 8.0
10 0.1 0.062 1137.5 8.9
11 0.11 0.068 1251.3 9.8
12 0.12 0.075 1365.0 10.7
13 0.13 0.081 1478.8 11.6
14 0.14 0.087 1592.5 12.5
15 0.15 0.093 1706.3 13.4
16 0.16 0.100 1820.0 14.3
17 0.17 0.106 1933.8 15.1
16 0.18 0.112 2047.5 16.0
19 0.19 0.118 2161.3 16.9
20 0.2 0.124 2275.0 17.8
21 0.21 0.131 2388.8 18.7
22 0.22 0.137 2502.5 19.6
23 0.23 0.143 2616.3 20.5
24 0.24 0.149 2730.0 21.4
25 0.25 0.155 2843.8 22.3
26 0.26 0.162 2957.5 23.2
27 0.27 0.168 3071.3 24.1
26 0.28 0.174 3185.0 24.9
29 0.29 0.180 3298.8 25.8
30 0.3 0.186 3-412.5 28.7
31 0.31 0.193 3526.3 27.8
32 0.32 0.199 3640.0 28.5
33 0.33 0.205 3753.8 29.4
34 0.34 0.211 3867.5 30.3
35 0.35 0.218 3981.3 31.2
36 0.36 0.224 4095.0 32.1
37 0.37 0.230 4208.8 33.0
38 0.38 0.236 4322.5 33.9
39 0.39 0.242 4436.3 3-4.8
40 0.4 0.249 4550.0 35.6
41 0.41 0.255 4663.8 38.5
42 0.42 0.261 4777.5 37.4
43 0.43 0.267 4891.3 38.3
44 044 0.273 5005.0 39.2
45 0.45 0.280 5118.8 40.1
46 0.46 0.286 5232.5 41.0
47 0.47 0.292 5346.3 41.9
48 0.48 0.298 5460.0 42.8
49 0.49 0.304 5573.8 43.7
50 0.5 0.311 5687.5 44.6
51 0.51 0.317 saOl.3 45.4
I.b.->
236
AVG.
INC STEP OOF LOAD STRESS
MONITOR [KIPS) [KSII
52 0.52 0.323 5915.0 46.3
53 0.53 0.329 6028.8 47.2
54 0.54 0.335 6142.5 48.1
55 0.55 0.342 6256.3 49.0
56 0.56 0.346 6370.0 49.9
57 0.57 0.354 6483.8 50.8
58 0.58 0.360 6597.5 51.7
59 0.59 0.367 6711.3 52.6
60 0.60 0.376 6825.0 53.5
61 0.60 0.379 6859.1 53.7
62 0.61 0.390 6893.3 54.0
PHASE4·A
ABAOUS VERSION 6 4-1
t r =5/16"
SUMMARY OF JOB INFORMATION: AVG.
INC STEP OOF LOAD STRESS
MONITOR rKlPSl rKSI)
1 0.01 0.006 113.8 0.9
2 0.02 0.012 227.5 1.7
3 0.03 0.018 341.3 2.6
4 0.04 0.024 455.0 3.4
5 0.05 0.030 568.8 4.3
6 0.06 0.036 682.5 5.1
7 0.07 0.042 796.3 6.0
8 0.08 0.048 910.0 6.9
9 0.09 0.054 1023.8 7.7
10 0.1 0.060 1137.5 8.6
11 0.11 0.066 1251.3 9.4
12 0.12 0.072 1365.0 10.3
13 0.13 0.078 1478.8 11.1
14 0.14 0.084 1592.5 12.0
15 0.15 0.090 1706.3 12.8
16 0.16 0.096 1820.0 13.7
17 0.17 0.102 1933.8 14.6
18 0.18 0.108 2047.5 15.4
19 0.19 0.114 2161.3 16.3
20 0.2 0.120 2275.0 17.1
21 0.21 0.126 2388.8 18.0
22 0.22 0.132 2502.5 18.8
23 0.23 0.138 2616.3 19.7
24 0.24 0.144 2730.0 20.6
25 0.25 0.150 2843.8 21.4
26 0.26 0.156 2957.5 22.3
27 0.27 0.162 3071.3 23.1
28 0.28 0.168 3185.0 24.0
29 0.29 0.174 3298.8 24.8
30 0.3 0.180 3412.5 25.7
31 0.31 0.186 3526.3 26.6
32 0.32 0.192 3640.0 27.4
33 0.33 0.198 3753.8 28.3
34 0.34 0.204 3867.5 29.1
35 0.35 0.210 3981.3 30.0
36 0.36 0.216 4095.0 30.8
37 0.37 0.221 4208.8 31.7
38 0.38 0.227 4322.5 32.5
39 0.39 0.233 4436.3 33.4
40 0.4 0.239 4550.0 34.3
41 0.41 0.245 4683.8 35.1
42 0.42 0.251 4m.5 38.0
43 0.43 0.257 4891.3 38.8
44 0.44 0.263 5005.0 37.7
45 0.45 0.269 5118.8 38.5
46 0.46 0.275 5232.5 39.4
47 0.47 0.281 5346.3 40.3
48 0.48 0.287 5460.0 41.1
49 0.49 0.293 5573.8 42.0
50 0.5 0.299 5687.5 42.8
51 0.51 0.305 5801.3 43.7
I.b.->
237
AVG.
INC STEP OOF LOAD STRESS
MONITOR [KIPS] [KSI)
52 0.52 0.311 5915.0 44.5
53 0.53 0.317 6028.8 45.4
54 0.54 0.323 6142.5 48.2
55 0.55 0.329 6256.3 47.1
56 0.56 0.335 6370.0 48.0
57 0.57 0.341 6483.8 48.8
58 0.58 0.347 6597.5 49.7
59 0.59 0.353 6711.3 SO.5
60 0.6 0.359 6825.0 51.4
61 0.61 0.366 6938.8 52.2
62 0.62 0.373 7052.5 53.1
63 0.623 0.376 7086.6 53.4
64 0.626 0.38 7120.8 53.6
65 0.628 0.383 7143.5 53.8
66 0.628 0.384 7143.5 53.8
67 0.629 0.389 7154.9 53.9
68 0.629 0.391 7154.9 53.9
69 0.629 0.392 7154.9 53.9
70 0.629 0.392 7154.9 53.9
71 0.629 0.393 7154.9 53.9
72 0.629 0.393 7154.9 53.9
73 0.629 0.393 7154.9 53.9
74 0.629 0.393 7154.9 53.9
75 0.629 0.393 7154.9 53.9
76 0.629 0.393 7154.9 53.9
77 0.629 0.393 7154.9 53.9
78 0.629 0.393 7154.9 53.9
79 0.629 0.393 7154.9 53.9
80 0.629 0.393 7154.9 53.9
81 0.629 0.393 7154.9 53.9
82 0.629 0.393 7154.9 53.9
83 0.629 0.393 7154.9 53.9
84 0.629 0.393 7154.9 53.9
85 0.629 0.393 7154.9 53.9
86 0.629 0.393 7154.9 53.9
87 0.629 0.393 7154.9 53.9
88 0.629 0.393 7154.9 53.9
89 0.629 0.393 7154.9 53.9
90 0.629 0.393 7154.9 53.9
91 0.629 0.393 7154.9 53.9
92 0.629 0.393 7154.9 53.9
93 0.629 0.393 7154.9 53.9
94 0.629 0.393 7154.9 53.9
95 0.629 0.393 7154.9 53.9
96 0.629 0.393 7154.9 53.9
97 0.629 0.393 7154.9 53.9
98 0.629 0.393 7154.9 53.9
99 0.629 0.393 7154.9 53.9
100 0.629 0.393 7154.9 53.9
PHASE4·A
ABACUS VERSION 64-1
t r = 3/8"
SUMMARY OF JOB INFORMATION: AVG.
INC STEP OOF LOAD STRESS
MONITOR rKIPS] rKSI\
1 0.01 0.007 138.5 1.0
2 0.02 0.013 273.0 1.9
3 0.03 0.020 409.5 2.9
4 0.04 0.027 548.0 3.8
5 0.05 0.034 882.5 4.8
6 0.06 0.040 819.0 5.7
7 0.07 0.047 955.5 6.7
8 0.08 0.054 1092.0 7.6
9 0.09 0.060 1228.5 8.6
10 0.1 0.087 1365.0 9.5
11 0.11 0.074 1501.5 10.5
12 0.12 0.080 1838.0 11.4
13 0.13 0.087 1n4.5 12.4
14 0.14 0.094 1911.0 13.4
15 0.15 0.100 2047.5 14.3
16 0.16 0.107 2184.0 15.3
17 0.17 0.114 2320.5 16.2
18 0.18 0.121 2457.0 17.2
19 0.19 0.127 2593.5 18.1
20 0.2 0.134 2730.0 19.1
21 0.21 0.141 2886.5 20.0
22 0.22 0.147 3003.0 21.0
23 0.23 0.154 3139.5 21.9
24 0.24 0.161 3278.0 22.9
25 0.25 0.167 3412.5 23.8
26 0.26 0.174 3549.0 24.8
27 0.27 0.181 3885.5 25.8
28 0.28 0.187 3822.0 28.7
29 0.29 0.194 3958.5 27.7
30 0.3 0.201 4095.0 28.6
31 0.31 0.207 4231.5 29.6
32 0.32 0.214 4388.0 30.5
33 0.33 0.221 4504.5 31.5
34 0.34 0.227 4641.0 32.4
35 0.35 0.234 4n7.5 33.4
36 0.36 0.241 41114.0 34.3
37 0.37 0.248 5050.5 35.3
38 0.38 0.254 5187.0 36.2
39 0.39 0.261 5323.5 37.2
40 0.4 0.268 5460.0 38.1
41 0.41 0.274 5596.5 311.1
42 0.42 0.281 5733.0 40.1
43 0.43 0.288 5869.5 41.0
44 0.44 0.294 6008.0 42.0
45 0.45 0.301 6142.5 42.11
46 0.46 0.308 62711.0 43.11
47 0.47 0.314 6415.5 44.8
48 0.48 0.321 6552.0 45.8
49 0.49 0.328 6888.5 48.7
50 0.5 0.334 6825.0 47.7
51 0.51 0.341 6961.5 48.6
I.b.->
238
AVG.
INC STEP OOF LOAD STRESS
MONITOR [KIPS] [KSI\
52 0.52 0.348 7098.0 49.6
53 0.53 0.354 7234.5 50.5
54 0.54 0.381 7371.0 51.5
55 0.55 0.389 7507.5 52.5
56 0.56 0.381 7644.0 53.4
57 0.561 0.382 7857.7 53.5
58 0.562 0.385 7871.3 53.6
59 0.562 0.387 7671.3 53.8
60 0.562 0.389 7871.3 53.6
61 0.562 0.39 7671.3 53.6
62 0.562 0.391 7671.3 53.6
63 0.562 0.393 7671.3 53.6
64 0.562 0.393 7671.3 53.8
65 0.562 0.393 7671.3 53.6
66 0.562 0.393 7671.3 53.8
67 0.562 0.393 7671.3 53.6
PHASE 4-8
ABAOUS VERSION 6 4·1
tt = 1/4"
SUMMARY OF JOB INFORMATION: AVG.
INC STEP OOF LOAD STRESS
MONITOR [KIPS) (KSII
1 0.01 0.005 58.9 0.7
2 0.02 0.010 113.8 1.4
3 0.03 0.015 170.8 2.0
4 0.04 0.019 227.5 2.7
5 0.05 0.024 284.4 3.4
6 0.06 0.029 341.3 4.1
7 0.07 0.034 398.1 4.7
8 0.08 0.039 455.0 5.4
9 0.09 0.043 511.9 8.1
10 0.1 0.048 588.8 6.8
11 0.11 0.053 625.6 7.4
12 0.12 0.058 682.5 8.1
13 0.13 0.063 739.4 8.8
14 0.14 0.088 796.3 9.5
15 0.15 0.072 853.1 10.1
16 0.16 0.077 910.0 10.8
17 0.17 0.082 966.9 11.5
18 0.18 0.087 1023.8 12.2
19 0.19 0.092 1080.6 12.9
20 0.2 0.097 1137.5 13.5
21 0.21 0.101 1194.4 14.2
22 0.22 0.106 1251.3 14.9
23 0.23 0.111 1308.1 15.6
24 0.24 0.116 1365.0 16.2
25 0,25 0.121 1421.9 16.9
26 0.26 0.125 1478.8 17.6
27 0.27 0.130 1535.6 18.3
28 0.28 0.135 1592.5 18.9
29 0.29 0.140 1649,4 19.6
30 0.3 0.145 1706.3 20.3
31 0.31 0.150 1763.1 21.0
32 032 0.154 1820.0 21.7
33 0.33 0.159 1876.9 22.3
34 0.34 0.164 1933.8 23.0
35 0,35 0.169 1990.6 23.7
38 0.36 0.174 2047.5 24.4
37 0,37 0.178 2104.4 25.0
38 0,38 0.183 2181.3 25.7
39 0,39 0.188 2218.1 26.4
40 0,4 0.193 2275.0 27.1
41 0,41 0.198 2331.9 27.7
42 0,42 0.203 2368.8 28.4
43 0.43 0.207 2445.6 29.1
44 0,44 0.212 2502.5 29.8
45 0,45 0.217 2559.4 30.4
48 0,46 0.222 2816.3 31.1
47 0,47 0.227 2873.1 31.8
48 0,48 0.231 2730.0 32.5
49 0,49 0.236 2786.9 33.2
50 0,5 0.241 2843.8 33.8
I.b.->
AVG.
INC STEP OOF LOAD STRESS
MONITOR (KIPS) (KSII
51 0.51 0.246 2900.6 34.5
52 0.52 0.251 2957.5 35.2
53 0.53 0.255 3014.4 35.9
54 0.54 0.260 3071.3 36.5
55 0.55 0.265 3128.1 37.2
56 0.58 0.270 3185.0 37.9
57 0.57 0.275 3241.9 38.6
58 0.58 0.280 3298.8 39.2
59 0.583 0.281 3315.8 39.4
60 0.586 0.283 3332.9 39.6
61 0.592 0.286 3367.0 40.1
62 0.6 0.291 3412.5 40.6
63 0.61 0.296 3469.4 41.3
64 0.62 0.303 3526.3 41.9
65 0.63 0.309 3583.1 42.6
66 0.64 0.316 3840.0 43.3
67 0.643 0.318 3657.1 43.5
68 0.647 0.322 3679.8 43.8
69 0.647 0.322 3679.8 43.8
70 0.647 0.323 3679.8 43.8
71 0.647 0.323 3679.8 43.8
239
PHASE 4-8
ABACUS VERSION 6 4-1
td =5/16"
SUMMARY OF JOB INFORMATION:
LCiJ>
AVG.
INC STEP OOF STRESS
MONITOR [KIPS) [KSI)
1 0.01 0.004 56.9 0.6
2 0.02 0.009 113.8 1.2
3 0.03 0.013 17o.s 1.9
4 0.04 0.018 227.5 2.5
5 0.05 0.022 284.4 3.1
6 0.06 0.026 341.3 3.7
7 0.07 0.031 398.1 4.3
8 0.08 0,035 455.0 4.9
9 0.09 0.039 511.9 5.6
10 0.1 0.044 568.8 6.2
11 0.11 0.048 825.8 8.8
12 0.12 0.053 882.5 7.4
13 0.13 0.057 739.4 8.0
14 0.14 0.081 798.3 8.8
15 0.15 0.088 853.1 9.3
16 0.16 0.070 910.0 9.9
17 0.17 0.075 968.9 10.5
18 0.18 0.079 1023.8 11.1
19 0.19 0.083 1080.8 11.7
20 0.2 0.088 1137.5 12.3
21 0.21 0.092 1194.4 13.0
22 0.22 0.098 1251.3 13.8
23 0.23 0.101 1308.1 14.2
24 0.24 0.105 1385.0 14.8
25 0.25 0.109 1421.9 15.4
26 0.26 0.114 1478.8 18.0
27 0.27 0.118 1535.8 16.7
28 0.28 0.123 1592.5 17.3
29 0.29 0.127 1649.4 17.9
30 0.3 0.131 1708.3 18.5
31 0.31 0.138 1763.1 19.1
32 0.32 0.140 1820.0 19.7
33 0.33 0.144 187M 20.4
34 0.34 0.149 1933.8 21.0
35 0.35 0.153 11190.6 21.8
38 0.36 0.158 2047.5 22.2
37 0.37 0.182 210404 22.8
38 0.38 0.188 2161.3 23.4
39 0.39 0.171 2218.1 24.1
40 0.4 0.175 2275.0 24.7
41 0.41 0.179 2331.9 25.3
42 0.42 0.184 2388.8 25.9
43 0.43 0.188 2445.6 26.5
44 0.44 0.193 2502.5 27.1
45 0.45 0.197 2559.4 27.8
46 0.46 0.201 2818.3 28.4
47 0.47 0.208 2873.1 29.0
48 0.48 0.210 2730.0 28.6
49 0.49 0.214 2788.9 30.2
50 0.5 0.219 2843.8 30.8
I.b.·'>
AVG.
INC STEP OOF LOAD STRESS
MONITOR [KIPS) [KSI)
51 0.51 0.223 2900.8 31.5
52 0.52 0.228 2957.5 32.1
53 0.53 0.232 3014.4 32.7
54 0.54 0.238 3071.3 33.3
55 0.55 0.241 3128.1 33.9
56 0.56 0.245 3185.0 34.5
57 0.57 0.249 3241.9 35.2
56 0.58 0.254 3298.8 35.8
59 0.59 0.256 3355.6 38.4
60 0.6 0.282 3412.5 37.0
61 0.61 0.287 3489.4 37.8
62 0.62 0.271 3528.3 38.3
63 0.63 0.276 3583.1 38.9
64 0.64 0.280 3640.0 39.5
65 0.65 0.284 3898.9 40.1
66 0.66 0.289 3753.8 40.7
67 0.67 0.293 3810.8 41.3
68 0.68 0.297 3887.5 42.0
69 0.69 0.302 3924.4 42.6
70 0.7 0.306 3981.3 43.2
71 0.71 0.310 4038.1 43.8
72 0.72 0.315 4095.0 44.4
73 0.73 0.319 4151.9 45.0
74 0.74 0.324 4208.8 45.7
75 0.75 0.328 4285.6 46.3
76 0.76 0.332 4322.5 46.9
77 0.77 0.337 4379.4 47.5
78 0.78 0.341 4436.3 46.1
79 0.79 0.345 4493.1 46.7
80 0.8 0.350 4550.0 49.4
81 0.81 0.354 4608.9 50.0
82 082 0.359 4683.8 50.6
83 0.83 0.364 4720.6 51.2
84 0.84 0.370 4777.5 51.8
85 0843 0.371 4794.8 52.0
86 0.843 0.371 4794.6 52.0
87 0843 0.372 4794.8 52.0
240
PHASE 4·8
ABACUS VERSION 6 4-1
td =3/8"
SUMMARY OF JOB INFORMATION: AVG.
INC STEP OOF LOAD STRESS
MONITOR [KIPS) [KSI)
1 0.01 0.005 68.3 0.7
2 0.02 0.010 138.5 1.4
3 0.03 0.014 204.8 2.0
4 0.04 0.019 273.0 2.7
5 0.05 0.024 341.3 3.4
6 0.06 0.029 409.5 4.1
7 0.07 0.034 477.8 4.8
6 0.08 0.039 548.0 5.4
9 0.09 0.043 614.3 6.1
10 0.1 0.048 682.5 6.8
11 0.11 0.053 750.8 7.5
12 0.12 0.058 819.0 8.2
13 0.13 0.083 887.3 8.8
14 0.14 0.087 955.5 9.5
15 0.15 0.072 1023.8 10.2
16 0.16 0.077 1092.0 10.9
17 0.17 0.082 1180.3 11.8
18 0.18 0.087 1228.5 12.2
19 0.19 0.091 1298.8 12.9
20 0.2 0.098 1385.0 13.8
21 0.21 0.101 1433.3 14.3
22 0.22 0.108 1501.5 15.0
23 0.23 0.111 1589.8 15.8
24 0.24 0.115 1838.0 18.3
25 0.25 0.120 1708.3 17.0
26 0.26 0.125 1774.5 17.7
27 0.27 0.130 1842.8 18.4
28 0.28 0.135 1911.0 19.1
29 0.29 0.139 19711.3 19.7
30 0.3 0.144 2047.5 20.4
31 0.31 0.149 2115.8 21.1
32 0.32 0.154 2184.0 21.8
33 0.33 0.1511 2252.3 22.5
34 0.34 0.183 2320.5 23.1
35 0.35 0.188 2388.8 23.8
36 0.36 0.173 2457.0 24.5
37 0.37 0.178 2525.3 25.2
38 0.38 0.183 2593.5 25.11
39 0.39 0.188 2681.8 28.5
40 0.4 0.192 2730.0 27.2
41 0.41 0.197 2798.3 27.11
42 0.42 0.202 2888.5 28.8
43 0.43 0.207 2934.8 29.3
44 044 0.212 3003.0 29.11
45 0.45 0.218 3071.3 30.8
46 0.46 0.221 31311.5 31.3
47 0.47 0.228 3207.8 32.0
48 0.48 0.231 3278.0 32.7
49 0.49 0.238 3344.3 33.3
50 05 0.240 3412.5 34.0
I.b.->
AVG.
INC STEP OOF LOAD STRESS
MONITOR [KIPS) [KS!)
51 0.51 0.245 3480.8 34.7
52 0.52 0.250 3549.0 35.4
53 0.53 0.255 3817.3 38.1
54 0.54 0.260 3885.5 38.7
55 0.55 0.264 3753.8 37.4
56 0.56 0.2811 3822.0 38.1
57 0.57 0.274 3890.3 38.8
56 0.58 0.279 3958.5 39.5
59 0.59 0.283 4028.8 40.1
60 0.6 0.288 4095.0 40.8
61 0.61 0.293 4183.3 41.5
62 0.62 0.298 4231.5 42.2
63 0.63 0.303 4299.8 42.9
64 0.64 0.307 4368.0 43.5
65 0.65 0.312 4438.3 44.2
66 0.66 0.317 4504.5 44.9
67 0.67 0.322 4572.8 45.8
68 0.68 0.327 4641.0 48.3
69 0.69 0.331 4709.3 48.11
70 0.7 0.338 4777.5 47.6
71 0.71 0.341 4845.8 48.3
72 0.72 0.348 4914.0 49.0
73 0.73 0.351 4982.3 49.7
74 0.74 0.355 5050.5 50.3
75 0.75 0.360 5118.8 51.0
76 0.76 0.388 5187.0 51.7
77 0.77 0.373 5255.3 52.4
78 0.78 0.388 5323.5 53.1
79 0.78 0.389 5323.5 53.1
80 0.78 0.390 5323.5 53.1
81 0.78 0.390 5323.5 53.1
82 0.78 0.390 5323.5 53.1
83 0.78 0.3111 5323.5 53.1
241
PHASE 4·B
ABACUS VERSION 6 4-1
tt =7/16"
SUMMARY OF JOB INFORMATION: AVG.
INC STEP OOF LOAD STRESS
MONITOR [KIPS] (KSIl
1 0.01 0.006 91.0 0.6
2 0.02 0.012 182.0 1.7
3 0.03 0.018 273.0 2.5
4 0.04 0.024 364.0 3.4
5 0.05 0.030 455.0 4.2
6 0.06 0.036 546.0 5.0
7 0.07 0.041 637.0 5.9
8 0.08 0.047 728.0 11.7
9 0.09 0.053 819.0 7.6
10 0.1 0.059 910.0 8.4
11 0.11 0.065 1001.0 9.2
12 0.12 0.071 1092.0 10.1
13 0.13 0.077 1183.0 10.9
14 0.14 0.083 1274.0 11.7
15 0.15 0.089 1365.0 12.6
16 0.16 0.095 1456.0 13.4
17 0.17 0.101 1547.0 14.3
18 0.18 0.106 1638.0 15.1
19 0.19 0.112 1729.0 15.9
20 0.2 0.118 1820.0 16.8
21 0.21 0.124 1911.0 17.11
22 0.22 0.130 2002.0 18.5
23 0.23 0.136 2093.0 19.3
24 0.24 0.142 2184.0 20.1
25 0.25 0.148 2275.0 21.0
26 0.26 0.154 23ll6.0 21.8
27 0.27 0.160 2457.0 22.7
28 0.28 0.166 2546.0 23.5
29 0.29 0.171 2639.0 24.3
30 0.3 0.177 2730.0 25.2
31 031 0.183 2821.0 211.0
32 0.32 0.189 2912.0 26.9
33 0.33 0.195 3003.0 27.7
34 0.34 0.201 3094.0 28.5
35 0.35 0.207 3185.0 29.4
36 0.36 0.213 3278.0 30.2
37 0.37 0.219 33ll7.0 31.1
38 0.38 0.225 3458.0 31.9
39 0.39 0.230 3549.0 32.7
40 0.4 0.236 3840.0 33.8
41 0.41 0.242 3731.0 34.4
42 0.42 0.248 3822.0 35.2
43 0.43 0.254 3913.0 38.1
44 0.44 0.260 4004.0 38.9
45 0.45 0.268 4095.0 37.8
46 0.46 0.272 4188.0 38.8
47 0.47 0.278 4277.0 39.4
48 0.48 0.284 4388.0 40.3
49 0.49 0.289 4459.0 41.1
50 0.5 0.295 4550.0 42.0
I.b.->
AVG.
INC STEP OOF LOAD STRESS
MONITOR (KIPS] (KSIl
51 0.51 0.301 4641.0 42.8
52 0.52 0.307 4732.0 43.6
53 0.53 0.313 4823.0 44.5
54 0.54 0.319 4914.0 45.3
55 0.55 0.325 5005.0 48.2
56 0.56 0.331 5098.0 47.0
57 0.57 0.337 5187.0 47.8
58 0.58 0.342 5278.0 48.7
59 0.59 0.348 5369.0 49.5
60 0.6 0.354 5460.0 50.4
61 0.61 0.360 5551.0 51.2
62 0.62 0.367 5642.0 52.0
63 0.63 0.378 5733.0 52.9
64 0.633 0.379 5760.3 53.1
65 0.633 0.381 5760.3 53.1
66 0.635 0.385 5778.5 53.3
67 0.635 0.388 5778.5 53.3
68 0.636 0.391 5787.6 53.4
69 0.636 0.393 5787.8 53.4
242
PHASE 4-8
ABACUS VERSION 6 4-1
y =1/2"
SUMMARY OF JOB INFORMATION: AVG.
INC STEP OOF LOAD STRESS
MONITOR [KIPS) [KSI)
1 0.01 0.006 102.4 0.9
2 0.02 0.012 204.8 1.8
3 0.03 0.019 307.1 2.6
4 0.04 0.025 409.5 3.5
5 0.05 0.031 511.9 4.4
6 0.06 0.037 614.3 5.3
7 0.07 0.043 716.6 6.1
8 0.08 0.049 619.0 7.0
9 0.09 0.056 921.4 7.9
10 0.1 0.062 1023.8 8.8
11 0.11 0.068 1126.1 9.7
12 0.12 0.074 1228.5 10.5
13 0.13 0.080 1330.9 11.4
14 0.14 0.086 1433.3 12.3
15 0.15 0.093 1535.6 13.2
16 0.16 0.099 1638.0 14.1
17 0.17 0.105 1740.4 14.9
16 0.16 0.111 1842.8 15.8
19 0.19 0.117 1945.1 16.7
20 0.2 0.123 2047.5 17.6
21 0.21 0.130 2149.9 18.4
22 0.22 0.136 2252.3 19.3
23 0.23 0.142 2354.8 20.2
24 0.24 0.148 2457.0 21.1
25 0.25 0.154 2559.4 22.0
26 0.26 0.160 2681.8 22.8
27 0.27 0.167 2784.1 23.7
28 0.28 0.173 2868.5 24.6
29 0.29 0.179 2968.9 25.5
30 0.3 0.185 3071.3 28.3
31 0.31 0.191 3173.8 27.2
32 0.32 0.197 3278.0 28.1
33 0.33 0.204 3378.4 29.0
34 0.34 0.210 3480.8 29.9
35 0.35 0.218 3583.1 30.7
36 0.36 0.222 3885.5 31.6
37 0.37 0.228 3787.9 32.5
36 0.36 0.234 3890.3 33.4
39 0.39 0.240 3992.8 :U.3
40 0.4 0.247 4095.0 35.1
41 0.41 0.253 4197.4 38.0
42 0.42 0.259 4299.8 38.9
43 0.43 0.285 4402.1 37.8
44 0.44 0.271 450U 38.8
45 0.45 0.277 4608.9 39.5
46 0.46 0.284 4709.3 40.4
47 0.47 0.290 4811.8 41.3
48 0.48 0.298 4914.0 42.2
49 0.49 0.302 5018.4 43.0
50 0.5 0.308 5118.8 43.9
I.b.->
AVG.
INC STEP OOF LOAD STRESS
MONITOR [KIPS) [KSI)
51 0.51 0.314 5221.1 44.8
52 0.52 0.320 5323.5 45.7
53 0.53 0.327 5425.9 48.5
54 0.54 0.333 5528.3 47.4
55 0.55 0.339 5630.6 48.3
56 0.56 0.345 5733.0 49.2
57 0.57 0.351 5635.4 50.1
58 0.58 0.357 5937.8 50.9
59 0.59 0.384 6040.1 51.8
60 0.6 0.372 6142.5 52.7
61 0.603 0.375 6173.2 53.0
62 0.606 0.379 6203.9 53.2
63 0.608 0.381 6224.4 53.4
64 0.608 0.382 6224.4 53.4
65 0.609 0.385 6234.6 53.5
66 0.609 0.387 8234.6 53.5
67 0.61 0.395 6244.9 53.6
68 0.61 0.395 6244.9 53.6
69 0.61 0.395 6244.9 53.6
70 0.61 0.395 6244.9 53.6
71 0.61 0.395 6244.9 53.6
72 0.61 0.395 6244.9 53.6
243
PHASE 4·8
ABACUS VERSION 6 4-1
t r =9/16"
SUMMARY OF JOB INFORMATION: AVG.
INC STEP OOF LOAD STRESS
MONITOR [KIPS] [KSII
1 0.01 0.006 113.6 0.9
2 0.02 0.013 227.5 1.6
3 0.03 0.019 341.3 2.7
4 0.04 0.026 455.0 3.6
5 0.05 0.032 568.8 4.6
6 0.06 0.038 682.5 5.5
7 0.07 0.045 796.3 6.4
8 0.08 0.051 910.0 7.3
9 0.09 0.058 1023.6 8.2
10 0.1 0.064 1137.5 9.1
11 0.11 0.070 1251.3 10.0
12 0.12 0.077 1365.0 10.9
13 0.13 0.083 1478.8 11.9
14 0.14 0.090 1592.5 12.8
15 0.15 0.096 1706.3 13.7
16 0.16 0.102 1820.0 14.6
17 0.17 0.109 1933.8 15.5
18 0.18 0.115 2047.5 16.4
19 0.19 0.121 2161.3 17.3
20 0.2 0.128 2275.0 18.2
21 0.21 0.134 2388.8 19.2
22 0.22 0.141 2502.5 20.1
23 0.23 0.147 2816.3 21.0
24 0.24 0.153 2730.0 21.9
25 0.25 0.160 2843.8 22.8
26 0.26 0.168 2957.5 23.7
27 0.27 0.173 3071.3 24.8
28 0.28 0.179 3185.0 25.5
29 0.29 0.185 3298.8 28.5
30 0.3 0.192 3412.5 27.4
31 0.31 0.198 3528.3 28.3
32 0.32 0.204 3840.0 29.2
33 0.33 0.211 3753.8 30.1
34 0.34 0.217 3887.5 31.0
35 035 0.224 3981.3 31.9
36 0.36 0.230 4095.0 32.8
37 0.37 0.236 4208.8 33.8
38 0.38 0.243 4322.5 34.7
39 039 0.249 4438.3 35.8
40 0.4 0.256 4550.0 38.5
41 0.41 0.262 4683.8 37.4
42 042 0.268 4777.5 38.3
43 0.43 0.275 4891.3 39.2
44 0.44 0.281 5005.0 40.1
45 045 0.287 5118.1 41.1
46 0.46 0.294 5232.5 42.0
47 0.47 0.300 5348.3 42.9
48 0.48 0.307 5460.0 43.8
49 0.49 0.313 5573.8 44.7
50 0.5 0.3111 5687.5 45.8
I.b.->
AVG.
INC STEP OOF LOAD STRESS
MONITOR [KIPS] [KSII
51 0.51 0.326 5601.3 46.5
52 0.52 0.332 5915.0 47.4
53 0.53 0.338 6028.8 46.4
54 0.54 0.345 6142.5 49.3
55 0.55 0.351 6256.3 50.2
56 0.56 0.358 6370.0 51.1
57 0.57 0.365 6463.8 52.0
58 0.58 0.373 6597.5 52.9
59 0.583 0.375 6831.6 53.2
60 0.586 0.380 6865.8 53.5
61 0.588 0.383 6688.5 53.8
62 0.588 0.385 6888.5 53.8
63 0.588 0.388 6688.5 53.6
64 0.589 0.388 8699.9 53.7
65 0.589 0.389 8699.9 53.7
66 0.589 0.390 6699.9 53.7
67 0.589 0.394 8699.9 53.7
244
PHASE4·B
ABAOUS VERSION 6 4-1
t r =5/8"
SUMMARY OF JOB INFORMATION: AVG.
INC STEP OOF LOAD STRESS
MONITOR rKlPSI rKSl1
1 0.Q1 0.008 113.8 0.9
2 0.02 0.012 227.5 1.7
3 0.03 0.018 341.3 2.6
4 0.04 0.024 455.0 3.4
5 0.05 0.030 568.8 4.3
6 0.06 0.038 882.5 5.1
7 0.07 0.042 796.3 6.0
8 0.08 0.048 910.0 8.9
9 0.09 0.054 1023.8 7.7
10 0.1 0.080 1137.5 8.6
11 0.11 0.066 1251.3 9.4
12 0.12 0.072 1365.0 10.3
13 0.13 0.078 1478.8 11.1
14 0.14 0.084 1592.5 12.0
15 0.15 0.090 1706.3 12.8
16 0.16 0.096 1820.0 13.7
17 0.17 0.102 1933.8 14.6
18 0.18 0.108 2047.5 15.4
19 0.19 0.114 2161.3 16.3
20 0.2 0.120 2275.0 17.1
21 0.21 0.126 2368.8 18.0
22 0.22 0.132 2502.5 18.8
23 0.23 0.136 2616.3 111.7
24 0.24 0.144 2730.0 20.6
25 0.25 0.150 2843.8 21.4
26 0.26 0.156 21157.5 22.3
27 0.27 0.162 3071.3 23.1
28 0.28 0.168 3185.0 24.0
29 0.29 0.174 32118.8 24.8
30 0.3 0.180 3412.5 25.7
31 0.31 0.186 3526.3 26.6
32 0.32 0.1112 3840.0 27.4
33 0.33 0.198 3753.8 28.3
34 0.34 0.204 3887.5 211.1
35 0.35 0.210 31181.3 30.0
36 0.36 0.216 40115.0 30.8
37 0.37 0.221 4208.8 31.7
36 0.36 0.227 4322.5 32.5
39 0.39 0.233 4438.3 33.4
40 0.4 0.2311 4550.0 34.3
41 0.41 0.245 4683.8 35.1
42 0.42 0.251 4m.5 36.0
43 0.43 0.257 48111.3 38.8
44 0.44 0.263 5005.0 37.7
45 0.45 0.2611 5118.8 38.5
46 0.46 0.275 5232.5 311.4
47 0.47 0.281 5348.3 40.3
48 048 0.287 5460.0 41.1
49 0.49 0.2113 5573.8 42.0
50 05 0.21111 5687.5 42.8
245
AVG.
INC STEP DOF LOAD STRESS
MONITOR [KIPS) [KSI)
51 0.51 0.305 5801.3 43.7
52 0.52 0.311 5915.0 44.5
53 0.53 0.317 6028.8 45.4
54 0.54 0.323 6142.5 48.2
55 0.55 0.329 6256.3 47.1
56 0.56 0.335 6370.0 48.0
57 0.57 0.341 8483.8 48.8
58 0.58 0.347 6597.5 49.7
59 0.59 0.353 6711.3 50.5
60 0.6 0.359 6825.0 51.4
61 0.61 0.366 6938.8 52.2
62 0.62 0.373 7052.5 53.1
63 0.623 0.376 7086.6 53.4
64 0.626 0.380 7120.8 53.6
65 0.628 0.383 7143.5 53.8
66 0.628 0.384 7143.5 53.8
67 0.629 0.389 7154.9 53.9
68 0.629 0.391 7154.9 53.9
69 0.829 0.392 7154.9 53.9
70 0.629 0.392 7154.9 53.11
71 0.629 0.393 7154.9 53.9
72 0.629 0.393 7154.9 53.9
73 0.629 0.393 7154.9 53.9
74 0.629 0.393 7154.9 53.9
75 0.629 0.393 7154.9 53.9
76 0.629 0.393 7154.9 53.9
77 0.629 0.393 7154.9 53.11
78 0.629 0.393 7154.9 53.9
79 0.629 0.393 7154.9 53.9
80 0.629 0.393 7154.9 53.9
81 0.629 0.393 7154.9 53.9
82 0.629 0.393 7154.9 53.9
83 0.629 0.393 7154.9 53.9
84 0.629 0.393 7154.9 53.9
85 0629 0.393 7154.9 53.11
86 0629 0.393 7154.9 53.11
87 0629 0.393 7154.11 53.11
88 0.629 0.3113 7154.11 53.11
89 0629 0.3113 7154.11 53.11
90 0629 0.3113 7154.11 53.11
91 0629 0.3113 7154.11 53.11
92 0629 0.3113 7154.11 53.11
93 0629 0.3113 7154.11 53.11
94.00 0.63 0.3113 7154.11 53.11
95.00 063 0.3113 7154.11 53.11
96.00 0.63 0.3113 7154.11 53.11
9700 0.63 0.3113 7154.11 53.11
9800 0.63 0.3113 7154.11 53.11
99.00 0.63 0.3113 7154.11 53.11
10000 0.63 0.393 7154.9 53.11
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